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PART I 


GENERAL PHYSICS 


CHAPTER I 
INTRODUCTION 

1. The Fi^e Senses, and Knowledge : — possess a number 
o£ bodily faculiics called the senses, vie. dte senses of sight, hearing, 
snieU, taste, and touch, which sire us ability to gain experiences 
in this uni\'erse. All that we Snow, coUeedvely called knowleelgc; 
is derived from these experiences. In other words, knowledge is 
based on the sensO'peiceptioD. Tlie senses remain in a crude form 
in childhood and in normal cases deveioj/ more and more as the age 
advances, hlaninty is thought to be attained when these senses he^ 
to act properly or fully. 

2. The Sciences, Basic and Sobsidiary literally, the word 
science means knowledge. By usage, however, any knowledge is not 
called science now-a-days. mcdcc means to-day wljat is called 
systematised and formulated knosi-lcdgc. It has been classified 
according to certain principles. In order to understand these 
principles we have to reiocmbcr iliai our universe consists of matter 
and ener^ only, matter again pmtly consisting of living beings and^ 
pardy of inanimate realities. These all arc colleetivclv called the 
nature. So uhar wc call Datura! science or natural philosophy, 
concerns with all the pheuomeua in nature, the phenomena being, 
partly biological and partly physical. Tlic biological sciences deal 
with tlie linng beings and energy mainly, while the physical sciences 
deal more witii inanimate matter and encrg\', tliough .there is no sharp, 
frontier dividing the two. The physical sciences consist of the two 
main diiision.s: Physics and Chemistry. These two sciences have- 
grown more or less independently as if rfiey belonged to two different 
schools of thought, though essentially their mission is the same. 

The natural sdcncas arc the hasic sciences from which all other 
subsidiary sciences such as Engineering, Agriculture, Medicine, 
Astronomy. Aeronautics, Geography, Geology, etc, have sprung up. 
As time will pass, odier branches of specialised subsidiary sciences 
are bound to come forward as die uscfuliiess of the same for human 
cause will be more widely appreciated. In following up the natural; 
sciences, both basic and subsidiary, the importance of anotlier science 
namely Jlfathemalics, which is Ac most basic of all sciences, cannot, 
be overstated. 
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3. The Oblect oC Fhjsfcs: — The pliystcal sciences, as already 
stated, deal primaiily tvith inanimate tnaUcr and energy only. 
Inanunaie. matter and energy evUt in dilTeient forms in the tiillcrcnt 
parts of the universe. The object of Physic* is to study the properties 
of both o! them and their inter-relations Tlieir inler-relaiion is 
oftentimes very subtle and cannot be easily traced, liiere are a 
multitude of phenomena in nature which are still obscure, and our 
physical sciences, though they are considerably advanced io-tla>, 
have not yet been able to explain ibem. These obscurities in nature 
which remain to he darified form what oe often call the mystery of 
the universe. The ultimate object of Physics is to SoUe these 
mysteries and to reveal the nature In nhat we have said above, we 
have rot included the obaoiriries or mysteries of the domain of life. 

4. Matter and Energy: — ^Mailer is aimhing which exists in 
nature occupying some bulk ^.e volume) and can be perceived by 
one or mote of our senses As will he known later, after the 
constderatiun of Newton’s Laws of Motion {An 78), its effect is to 
offer resistance to causes which tend to produce a change vn «$ 
position, configuratiou or motion Tl>« naier. ihe air and tlie 
vegetations arc only some different kinds of mniier Ninety-odd 
different elementary kinds of matter have been recognised in our 
modern physical suences and they, by conibinatioji, constitute die 
Nvhole material unnerse. TTie Quantity of matter la a given vclume, 
called the /MS/ of it, remains the same even if the volume, or shape 
U aicerecl by external causes That is, matter reins to the sfuS and 
not to the volume or shape For example, n piece of wool can be 
Compressed to occupy a siriflUer volume but the mass of it remains 
the same as before. TTiis shows iliat ixaticr is capable of exien-nan 
OT co/npressian Ordinarily, inairer has sveight, but the weight is 
nen an inherent piojpeity of maner. For the weight of a given piece 
of matter does really arise on account of its praitjon with respect 
to the earth and when that position changes, the w«ght changes 
We have even the possibility of the weight becoming zero at certain 
situations. Mathematically, one such situation is when a given piece 
of TTvattrr can be placed at the centre of the earth But even then, 
tlie mass of it will rcm.iin the same though it will lose all its weight 
Thus, though the wright is a very common property t>I rnaiier, ji is 
not an essential property 

Eosesyp m.ittcr, is something which exists in nature, though 

in diRerent kinds Ii pervades ilitoughoui tUis universe but has iu> 
hulk to be perceived by our senses. It has also no weight and knows 
no extension or compression Hut vrhat is lo be remembered is that 
work, whatever he its nature, can never he produced wltliout expendi- 
Hire of energy Energy is, therefore, defined as the cause of work. 
So energy and ^work arc synonymotis, ic. what is entrgy is work 
ahd tvhat is work is energy. That is the reason why energy is 
[ " Itatively measured by noth As work may he of various types, 
the corresponding energies are differently named, depending on the 
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type of work. The main dividons of energy arc: mechanical energy 
(energy possessed by matter on account of position, configuration or 
motion), heal energy, sound energy, light energy, magnetic energy, and 
electrical energy. Each one of them is transformable into any other 
form or forms and this shows the ultimate idcnticality between 
different kinds of energy. 

5. Sub-divisions in Phyricss — The subject of Physics is, for 
convenience, usually divided into the following branches: — 

(1) General Phydes, (2) Heat, (3) Sound, (4) Liglit, (5) Magne- 
tism, and (6) Electricity. 

Of these branches, *0(310131 Physics’ deals with the general 
pronertie.? of matter and energy, while the rest deal witli tire detailed 
study of energy in special forms. 

6. Measurements : — The iihysical sciences are called exact 
sciences, for they give us accurate knowledge. This exactness or 
accuracy comes from what arc called measurements. The study of 
Physics involves measurements of various types at every stage. So 
Physics is often called tlic science of measurements. The principles 
and tecliniques of measurements have grown as a very important 
branch of Physics. Precision meastircments have icvealed far-reach- 
ing results in our physical sciences and so stress is always very 
ri^tly laid on ilie precision or accuracy in measurements. 

The keynote of progress everywhere and so in predslon 
measurement also, is exact comparison. To enable comparisons, 
it is necessary to establish and maintain cojtcrete and exact standards 
of measurement. Tlie maintenance of exact standards is necessary 
for another reason too. Industries to-day cover a wide field of 
scientific applications, and some of them have a.tt.iined a high- 
degree of perfection. They have constantly to improve their 
products if tfiey are to cxi.st in a competitive market As a result 
they make a constant demand on die scientists to provide them 
with more accurate tools or standards for checking the articles they 
manufacture. 

7. Units and Standards: — In making a measurement of any 
physical quantity, .some definite and convenient quantity of the same 
kind is taken as the stand.ird, in terms of ivhich the quantity as a 
whole is expressed. Tliis conventional qnanticy used as the standard 
of measurement is called a Unit. The numerical measure of a given- 
quantity is the number of times the unit for it is contained in it. 
Thus, when we say that a stick is 5 feet long, what is meant is 
that a certain length, called the foot, has Ijeen taken as the unit 
for measurement and tlje length of the slick is 5 times of it. 

• Every physical qu.anrity requires a separate unit for its measure- 
ment and so the number <rf units we have to deal’ with is as many as 
there are physical quandries of diffcrimt kinds. • - • 
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The actual realisation of a unit for any physical quantity requites 
the establishment, construction, and tnaintcnance under spefified 
ecmditions of a prototpye of ir, called its priinary sfandard on wldcli 
It is based, lihc unit may he equal to. a multiple, or a sub-multiple of 
the standard for practical reason*. Tlie standards need not be as 
many as rherc are pliysical qu-autities. foi all the |jliysicjl quantities »\e 
h.nve to deal with, are nut independent quantities. 

8. Faudamental and Dented Units:— The unit for any physical 
quantity can be derited ultimately from the units of leiigth, mass 
and time. Moreover, ihece three units are independent of each other. 
So these three umts are called the ftwdemesttal units, and the 
units of all other physical quantities, which arc really based on these 
three units, arc termed the denuad units. 

Derhalion of other units from the fundamental units — 

The unit of area U the area of a square each side of which is of 
unit length ; and the unit of volume i» the volume of a ciibci each 
side of which, is of unit length. So the unit of area, or that of volume. 
» derived from the urn: of length whid) is a fundamental unit. 

Again, a body has unit speed when »t moves over unit length in 
Unit Time Hence the unit of speed is derived from the units nf 
length and time. Similarly, the unit of livret is derived from the 
units of length, mass, .vnd time TIvu'. the lOiifs of area, volume, 
speed, force, etc are all tfmtvtf imiti. Not only all other tneehanicnl 
units, bur also the units of all imn-iuevliameal quantities, magnetic, 
electric, thermal, optical, acoustical, can. uhh the help oE some 
additional notions, ultimaceiy be derived from the above three mecha- 
nical units This shows the true fundamental nature of these three 
units. The derived units ordinarily bear simple relation to the three 
fundamental units 

9, Two Important Systems of FundamcDtal Units ; — 

(i) The CCS. System {liletno System;, 

(«■) The FPS. System (Bnlirh System) 

In the CCS system, C stands for Centimetre (chi'! as ilic unit 
of length, G for Gramme ^m.) as the unit of mass, and S lor Second 
(sec.) as the unit of lime. 

In the r.PS system, F stands for Foot (ft) as the vuuc of 
length, P for Pound (lb.) as the unit of mass, and S for Second [sec) 
os the urut of time. 

9fa}, Practical Units and Alnolute Units: — It is often fouml 
that some derived units are inconverviendy large or inconveniently 
email . In such cases some sub-multiple (when the ^ derived 
unit is too large) or some multiple (when the derived unit is coo 
.i*.all). is used as a unic for the sake of convenience. Such units are 

J PracticJiI Units whibt those derived directly from the centi- 
metre, gram, and second (or the foot, pound, and second) are termed 
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Absolute Units, the svstem of measurements being called the 
absolute system, 

10. Standard Notations: — 


Prefixes 

Meutikg 


Sub*multiplcs 

1 





Ccnli 

1 

"• 100 

... 10-"= 

Dec! 

— 'lO 

... 10-' 

Multiples 



Dcca 

w 

... 10' 

Hecto 

too 

... 10= 

Kilo 

1000 • 

... 10= 

Mega 

1.000,000 

I 

... 10‘ 


11. The Fuadamcntal Units, tbeir Multiples nod Sub* 
multiples 

The fundamental units arc those o( length, mass and time, i.c. 
(A) TIio Unit of length, (B) The' Unit of mass, and (C) llio Unit 
of time. 

(A) The Unit of Length. — 

(1) In the e.G.S. ' system, the unit of length is the centimetre 
(cm.) tvhich is ^ standard 

lengdi, called die Intentional Prototype 
Metre (m).* The Prototype Metre is 
preserved at the International Bureau 
of Weights and Measures at Sfevres, near 
Paris. The prototype metre is the distance 
at O'C. terapcratuic benveen two parallel 
lilies engraved on the central flat portion 
of a pladnum-iridiiim bar of spedal ar-fonn Fig. 1 

cross-section (Fig. 1) siipponed in the borizontai plane. 

' Tills is a copy of the Boida Platinnni Standard — tlio metre rics archives— 
tile original stand-ird, which was intended to be equal to Iff"' or one-ten- 
millionth of the distance (me.-isnred over the earth's surface along the meridi.an 
through Paris) from pole to equator. According to Clarhe, the correct Icngtli 
of a quadrant of the enrth=l'0007xl0' wetre-s} the mean of the v.alues obtained 
by Helmert .and tlie TJ, S. Survey for the aicon ]>oIar quadrant is 1-00021x10’ 
metres. The lenglli of the prototype bar as constructed is an arhitrarj- 
standard. 
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(2) In the FJ.S. syttem, the fundamental tout of imss it the 
Pound Avoirdupats. It js the mass of a standard known as the 
Imperial Standard Pound (marked “P. S. 1844, 1 lb.”) consisting oE 
a platinum cylinder preseried at the Standards Ofiite o£ the Hoard 
of Trade, Old Palace Yard, London 

British Table of Mass 
1C Drams (dr.) = I Ounce ( 02 ) 

10 Ounces =-l Pound flb) 

2fi Pounds =1 Quarter (qr) 

4 Quarters =1 Hundred-weight (cwt.) 

20 Hundjcd-weij'hts =1 Ton (T.) 

1 Pound Avoirdupois (lb) —7000 grains 
1 Pound Troy (Jewellers' or Apothecaries' weight) 

»6700 grains. 

ConTendon Table 
1 gram *C48 mgm 

1 ounce =2830 gm 

1 pound (lb) -4.W0 gm =-.O403O Kgm 
1 Kgm =2200 lb 

1 Ton (T.) -20x4x28=2210 lb* 

The Indian ‘'ro/a” ha.s a weight of about 12 grams ; so "one scei" 
or 80 tolas is eninvateni to 9G0 gtams. which is nearly tqual to one 
Knugrain.'of 1000 grains 

(C) The Uult of Time.— The unit of time is the mean solar 
second in both the CCS and FPS systems It is based on the 
mean solar day* as the standard of time The mean solar day is 
divided into 24 hours, an hour into CO mmutes, and a minute into 
CO seconds I'hctcforc the mean solar d-y is equal to 24 * 00 x TA 
(=80,400) me.in solar seronds Thtt is, a mean sular setund is 
8C,4(X)ih part of the mean solar day. 

Tlie suii appears to us to tuosc across the skv because of the 
diurnal loiation of the earth abont lu polar avis. Hie meridian at a 
’ace is an imaginary rertias! plane through it, and so the sun is 
„aid TO be in meridian when it attains the highest posidon in 
course of the apparent journey in the sky The intcrial of time 
between two successive transits of the centre oF The sun’s disc arrnss 
the meridi.vn at any place is called a solar d.ty. The length of this 
solar day varies frciiii Jay to tlav owing 10 very many reasons but it 
lias tire same cycle of vaiiauons repeated after a solar year which is 
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305^ days approximately. The meaD value of the actual solar days 
averaged over a full year is called jhe mean solar day. An ordinary 
clock, watch or chronometer keeps the mean solar time, and is 
regulated against standard clocks and dironometcrs controlled under 
specific conations. 

The Sidereal Day. — The interval of time between two successive 
passages of ajiy fixed star across the meridian at any place is a cons- 
tant time and is known as a sidereal day. It is shorter than the 
mean solar day by about 4 mean solar minutes. The mean solar 

second is actually of a sidereal day. 

■' 86,164,10 ’ 

12. M. K. S. Units; — In tliis system, tlic units for length, mass, 
and time are the metre, kilogram, and second, respeetit'ely, 

13. Advantages of the Metric <C.G.S.) Sysetm : — (1) Each unit 
is exactly ten times the next smaller unit. Hence the reduction 
from one unit to another is effected simply by a proper sliift of die 
decimal point. Thus 1-234 nieires=I23-4 cm.=l,234 mm. 

But, in the British system, cumbersome multiplications and divi- 
sions are necessary in reducing one unit to another, e.g. from feet' to 
inches, ounces to pounds, cic. 

(2) Tlic units of icngch, volume, and mass are conveniently 
related. Thus, knowing that die mass of one cubic centimetre of 
ivater at 4'C. is one gram, ivc can write doxvn at once tlie volume of 
any amount of water in cubic centimetres, if we know its mass in 
grams, and vice versa. 

For example, the mass of 10 litres or 10.000 cubic centimetres of 
writer=10,000 grams; and jhe volume of 10,000 grams of water*! 
10,000 cubic centimetres (or 10 httes). In the Britirii (F.P.S.) system 
inconvenient constants have to be teinembcred, viz. tlic mass 
of 1 cubic foot of water=C2'5 pounds, I quart=C0'278 cubic inches, 
etc. 

(3) This system has been adopted in all countries by scientific 

14. Dimensioiis of Derived Units : — The relation of the unit 
of any physical quantity to the fundamental units (length, mass, and 
time) o£ any absolute system of measurement is indicated by what 
are known as the climenstons of the unit concerned. The dimensions 
do not represent any exact amount but only show the nature of tlic 
relationship. 

A numerical quantity has no dimenrions. for it is unrelated to 
the fundamental units. Because breadth or height is a length only, 
they have the dimension of lengdi. A sperial kind of symbol is 
used to indicate die dimenrion of any physic.nl quantity. Symboli- 
cally, the notation stands for the unit of a physical quantity. 
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MEASUREMENTS 


16. Measurement ol Lcoglh: — The type of worh and the 
accuracy necessary in it decide nhich appliances are to be used for 
the measiircraent of a length. The ditfercni lypes of appliances in 
use are, ilierefore, dcscribw below according to their suitability for 

? atticiilar ^vo^k, namely («) Ft^d vxirk, {b) ll’orksfiop practice, anti 
:) Laboratory icork There can, however, be no rcstrlttmn on any 
of these appliances being used, according to necessity, for a type of 
wort other ihaa that under whkii it is placed below. 

17. Different Type^ of Appliances for Mrawrentent nf T/cnglh ; — 
(a) Field 'Wortc. — In field wort, such as survey wort, eic. 
long distances, sometitne along cutved rouceii, are lo be measured. 
For such wort, the chan and tlie tape are generally used. 

The CLiaia. — Ocdmarily it is of two kinds, either the 
Gunter Chain (»hich is GO 
ft in length), or the 100 ft. 
chain. Metre chains are eUo 
used tn many countries. AIL 
chains are dnided into 100 
equal latlcs so that each Gunter 
link It OOQ ft. long, ia 7 02 
inches, and each hnk of the 
J(X) ft chain ts I foot The 
‘iMitfcing-u^' or folding of 
the chain, if done properly, 
gives the chain, when not in 
use. n neat appearance as 
shottti in I'lg n. Moreover, 
proper niukiijg-tip is necessary, 
tor oUierwise tliwe may be 
of the links In order to mark the end of a chain length 
an arrere or ptn is used. It 
is a stout Wire pointed at 
one end for sticking into 
the ground and fotmed in- 
to a loop at the other. The 
total length of a pin is 
about 14". A hunch of 
them is also shoun in 
Fig 8, right. 

The chain is mads of 
' "ev iron or steel wire. It 
-■^consists of Jinks connected 
to each oUirr. Each link 
has tliree small oval ring* 

The cenue of the middle ting 5 



i — Chain tnO fins 





the end of the link as sho'vn i 
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Fig. The ends of the chain are formed with brass handles which 

are connected to tile wire links by stvivel joints. The first link is 
measured from the back of the handle as shown hy the pin in 
Fig.8(tt). As all links in the chain look alike, they arc marked at 
each lenth link with a brass tag. 

In measuring a length, rhe chain is placed along the route atniti- 
ing sag. The entire distance is measured diain after chain. 


(ii) The Tape. — Linen tiipes are also used in taking measure- 
ments of timin Ihies hut usii.ally they are used for taking measure- 
ments from the chain line in any gjven 
direction, usually at right angles to it. 

Linen tapes are ordinarily made in 50 
ft., 66 ft, and JOO ft. kn^hs. They arc / 
marked in feet and indies on one side L 
and the 66 feet tape has also 100 parts f 
marked on the reverse .side. Steel ' 
tapes are also made in those sizes. 

Genernlh' their graduations are correct 
at 62'^. They arc often used for 
cheeking up the accuracy of linen capes. 

Usually they are neatly rolled upon a 
spindle inside a ilat.shapcd drcular 
leatlier box. The zero-end of die tape projects through an aperture 
in the side (Fig. 4) of tbc box and has a brass iink attadied which 
is too large to slip tlirough the apcrcutc. Anv length of the tape is 
drawn out of the box, when necessary, by pulling at tliis link. 



Fig. 4— Tape. 


Comparison of Chain Lengths 
1 Gunter chain =66 fcet=22 yards=100 links 
1 Gunter Unk =7-02 indies. 

10 Guntcir chains =220 yards. 

80 Gunter chains =1 mile. 

From the above table it is clear that the lengths oj athletic tracks, 
namely 230 yds. run, 440 yds. run, SSO yds. run, and the mile run, 
can be conveniently measured by the Gunter chain, being 10, SO, 40 
and SO chains respectively. 

(iii) The Beam Compass. — In survey work, it frequently 
happens that a length to be represented on the map according to a 
given scale is too large to be dealt with an ordinary divider or a pair 
of compasses. 

In such cases a beam compass (fig. 5) is used. Here the length 
of the beam between the ends of the compasses can be adjusted 
.and made as great .ss required. Ether the pen (or pencil) end A, ot 
the pointed end B, can be damped anywhere on the beam and while 
one is left damped, the other, kept slack, can be made to 
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i.nt£>m£i>i\te nirsccs 


slip eusiJy along the beam 


..A_. 


set it for a definite length. Stvtrie com- 
passes are provided 
tvith a slow-motion 
scimv JD enable die 
pencil-piece, when 
: clamped loughlv to 
the correct lengtli, to 
be moved a little this 
side or that side until 
the c\.adt correct 
length Is arrived at. 

Wtitkshtvp 
Practice.-— The ordi- 
nary uorkers in work- 
shops require handy instruments which ntay be used by them rcaciily 
tvjthouc die necessity of a»>«linietical alculations. For lenctfi 
ineasurenents. stmple callipers gnd gauges bate proved to be luiiaole. 
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(i) The Simple Callipers.— Such an appliance consists of two 
simdax pieces oi mevals Wnged together at one end and suitahiy 
curved nt the other end Hg. 0(0) shows one such instrument com- 
monly used for iJie ineasurciiicjit of eaiern.il Hhtneters, and Fig. 



Oatside Callipers Insids CaDipeM CombmeJ raIli;<eM 

{aj f») [') 

Fig £ — Bunple CaUipcrt 

depicts another such instt m nc n t Used for internal tllameiers, while 
^g- represents a combined instrument, the upper part 

being used for external diameters and the lower part for internal 
diaineieis- 

The tnethod of we » to vwiStK oms. the fccc. ewdt tdi theix dlttance 
apart equals the length under ineasurcmeni. whether the length is 
an external rii.iiurrer, or internal diameter, or tlie length of any 
niece. Then this measvre tateti % ifte callipers refwed to roiae 
■ gauge for coinpnman- hor turning and boring work in 
workshops, the standards of reference forraetly consisted .solely 



MEASUREMENTS 


15 


•of the cylindrical Ei^tenial anil Internal Gauges, one pair of \i'hich 
is shown in Fig. 7. 



Fig. 7 — iDleroal &nd External Gauges. 


These gauges are manufactured true to inch, The work- 

man sets his callipers to the standard gauge by Ills sense of touch 
and then transfers it to the job for corapa&oti and makes the finish 
accordingly. The accuracy of tlic finished job depends on ’die skill and 
experience of the n’orkman. 



Fig. 7(0)— Inlcrnat Limit Gauge. 


(11) Limit Gauges^ — Interdiangeable machine parts are the 

f ro'ving demands of to-day. Such pans require to be machined to a 
efinite degree of accuracy. To attain inis accuracy limit gauges 
are used as standards of reference in 
modern practice. Fig. 7(rt) shows an 
internal limit gauge. One end of it is 
slightly smaller than the other, the differ- 
ence in the tliameters being dedded upon 
by the accuracy to which it is intended 
to work. Tlic principle is that die 

smaller end must go in while ihc larger 
cad must not, il an internal diameter 
has its projicr value. The external 

gauge [Fig. 7(h)] is also similarly used 
tor turning cylindrical pieces. 

(c) Laboratory Work. — 

(t) An ordinary Scale. — For ordinary 
measurements of lengtlis in the laboratory 
^vhcre a measurement ixirrect up jto a millimetre, . or one-cightli. 
or .one-sixteenth of an inch is sulfidcnt, an, ordinary straight 
scale is directly used. Sudi a scale is usually made of box-wood 
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Or steel ^^uh one edge graeially graduated in inches and the other in 
ctntjinf.tres (Rg 8) An inch ts again ordinarily tiib-ditided into 8 or 
16, 10 equal pans and a centimetre into tenths, tc. into ten pans, 
each being a iiiiliirnette. 



ft; 6 — An Otd<nttv S:slc 

*nie ends o{ the scale should not be used la ramsuiing a length, 
for they ntc liable to v.rai out vsith use In makins; a nieasuttment, 
the scale is to be placed alongside the. length under measucement, 
one ol the graduuiions of die scale bang made to cuincidc uith one 
end of it and the length j» thro to be read o/f the graduation 
ctf the scale coinciding with the other end. U tids end does noi 
correspond to any marl, of the *raV exactly, the fraction oE a scale 
ditlsion js ascertained by cy^estttnotton. 

Steel scales ate usually one foot long while n metric scale Is x 
tfictK scale or a balf-mctre scale. 

Uiagonal Scales and VeniJrr Scales.— The acewrarv oE a reading 
JS liable to vary from person lo person if cre-estiinatjon is used to 
read the fraction of a (inuion Agaus, in «)'e>est[raauiig the fraction 
of 3 .tiih-iviflion, a quantity less than hall or one quattrr of one sub- 
division is di^cult ro be osccrLiijicd mthour unduiv strainiog ihr eye 
Yet in out physical measiiTcforTUs *vich fraction', often irqnirc to be 
^termitied accurately. Two devices have been made available to 
us fur such nieasuremcriis niiliout sub'diiiihng ihe sraali divisions of 
a srale further, one is the Diagonal ,^flc and the other a I'crnwr 
Scale. By them the incavurerneMt of the fnictional j>art of a sululivi- 
sion is mechanicnily made at a fixed aceorscy 


(10 Diagonal Scale, — TJjc adianuge of this scale (Fig. 

3« that if the stnallesf diiision marlted on the Scale reads up to. say. 
•^jth unit, it is possible with the help of dni'dtji to read diinemiotis 
up Cl itto'b unit witfioot fmher suMividing the smallest units. The 
arrangement is ns followst One esica uriu lengtii Is extended to 
the left and is divided loto 10 equal pam at the top edge and also 
at the bottom edge. If the sm^st sub-division of the scale is 
lO"! unit, to read 001 “nit with this *cale, the ten mark of the extra 
‘^nit Jeogth is joined by xn cMgiie liim it» the 1 mark of die top-edge 
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and the 1 mark of the bottom-edge to the 2 mark of the top-edge 
and so on sticccssivcly. Tlie width of the scale is divided into ten 
e<juai spaces by lines drawn lionzontally ; these parallel lines are cut 



Fig. 9— DiegoDsI Scale. 


perpendicularly by the Imw of unit divisions such as 1", 2", etc. The 
principle of measurement is as follows: — 

Consider the ^OBA. Tlic disuincc OC is of OB, As OA 
and OB arc straight lines, the distance CD must equal of B^l. 
from the property of a triangle. But BA is OT and therefore CD is 
O'Ol. The lengths on the sc.tlc are read off by figures on the bottom 
horizontal line and hundredths by the figures on the vertical Hae 
at the left end of the scale. For example, any length l^e T04''_ will 
be obtained by putting the point of one Umb of a pair of dividers 
at the intersection of the vertical through the mark 1" with the 
fourth parallel [shown by the point F) and the point of the other limb 
at the intersection of the 4th parallel widi Ac zero diagonal, i.e. 
the diagonal QA {shown by the point G). Similarly, a length 246" 
will be obtained by puning the points of Ac two limbs of Ac divider 
at H and J. 


Note. — Aa already pointcit out, OD=‘BA X yg • By making the ratio 
as small as we like, we can Bake CJ3 any sraal} portion o£ BA. 

(ill) The Vernier. — The device carries Ae name of its inven- 
tor Pierre Vernier, a Belgian hfeAensatidan. It is a short scale by 
the help of tvhich the fractional part of a main scale division can he 
determined mechanically at a fixed accuracy. Tills auxiliary short 
scale is placed in contact alongside Ac main scale and can be shded 
along it. 

Fcniiers -niay he strmght or rntgifto" as desired and the tnelhdd' 
of their use is the same. . . . 

Vol. 1—2 
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^ t'E. 10 shovis a straight scale the upper edge of which is gradiiatctl 
in milJimerres and is provided with a sliding auxiliary scale icptc- 
scniing a straight vernier. 
Readings up to one-tench 
of a scale division rosy be 
taken with the help o£ 
this vernier. The lower 
edge is divided in inches 
■ami each inch is sub- 
divided again into A equal 
parts. A straight vernier 
Fig 1C>— Strsiglit Vsiniti slides along it. Readings 

up to t'j inch may te 

taken vviiit ilie help of this vernier. 

Fig 11 shows an angubi »tule vvUh an angular vernier shcliiig 
along ft. as is found in a spectrometer, sextant, etc. The main scale 




Fig 11 — .-tognlar Vernier 


IS graduated in degrees and each debtee is again sub-tihided into 
2 parts Here the vernier has ttO divisions, and they coincide with 
29 divisions of the main angular scale. Readings up to 1 minute may 
be taken wuli tlic help of this vernier 

General Theory. — Tlie vernier is so divided that a tcTiain 
number n of its divisions is equal to (« — 11 or (n+I' principal scale 
divisions 

If t;=value of one vcrniim division, j=\.vUie of ont scale divivinn, 

1 »,.. ■». tr ’ 

'2'hr least cotmttsDtff of s O'-I/mks. 

"bo fne vernier ‘is siih -lo-mdi'aV^rcu-ifin.'MvrJR. •iiiWiuii. 

N.B. The least count (or vernier constanl) of a straight 
Jer is expressed as a decimal rmlUinetrc or centimetre but the 
ernier constant of an ^ngidirr vernier is expressed in or 

seconds and not in decimals 
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How to nse a Vernier. — 

Vernier T^pc (1). — © Find die value in fraction of an 
inch, or centimetre, or degree in case it is an angular vernier, of the 
smallest division of the principal scale. Let It be 1 mm., i.e. (hi cm. 
in Fig. 12 (Type 1). 

iiij Count the number of divisions on dte vernier, and slide the 
vernier to one end (i.e. to the zero position) of the main scale in 
order to find the number of scale divisions to which these are equal. 
In Fig. 12 (Type 1), 10 vernier divisions=9 scale divisions. 

(hV) Calculate the difference in length between one scale divi- 
sion and one vernier dividon. This is the smallest amount — called 
the least connt (or vernier constant) — which can be read with the 
help of the uistxuiuciii. 

licvc, 10 vcniicr divisions ^ 9 scale divisions. 

9 

I vernier division — scsIo division. 

I.enst count = l sc. div.— l v*r. div. 

(iw) Now put the object Ah to be measured on tltc scale, one of 
its ends A being at zero. Tlic vernier is then pushed along the scale 
until its xero just couches the opposite end B of the object. Read die 
principal scale just before the zero of the vernier. It is 6 in Fig. 12 
(Typo 1). Then die lengdi of tlie object AB is greater than 0‘0 cm. 
(but less than 07 cm.) oy the distance between the 6th division of 
the principal scale and the vernier zero. To get this length— 

(v) Look along the vernier to see which of its divisions coincides 
with a scale division. The 2nd verner division coincides with a. 
scale division, Multiply this number by the least coinit aud add this 
to the reading obtained from the principal scale. This is called a 
forward readmg (or positive) vernier or an ordinary vcniier and 
is the must commuu form of vernier. 

The value of the fraction of the scale division between the 6th 
and the vernier 2 ero=( 2 x 001 ) cin.=(K)2 cm. 

.'. Tile length of the objcct=06+0'02 cm. =062 cm. 

Veritv thus — 

The length of the objecl dD (Fig. 12) =8 sc. divs.-2 ver. divs. = 8 nun.- 
^2x^^sc. divs. (for 1 ver. div.sj^sc. div.)=8 mm, — |mm. = ^^roin.=0'62 cm. 

Vernier Type (2). — hi Type 1, a vernier division is smaller 
than a scale division, but sometimes, though ixty rarely, the vernier 
division may be larger dian die scale division such that (tr+l) s=nv. 
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Ic. ite secontl form (Fig. 12, Type 3) wc have IQ ver divs !=11 k, 

divs. 

1 ver. div. sc. dhr. 

Least count=i ver. <Iiv.-l sc. diT.^VsSc- d»'.=-0l mm.=QOl cm. 
A vernier divisiorii in this case, is .}J of a sciic division. xchiJe 
ntsvibemng af th^ vtrnicr tih-isions runs to the main scale. 

In measuriDg a length AC, one end A is put at the zero of the 
scale as in the case oLthe ordinary vernier, and to the other end 
C, the aero o/ the Dernier is hrmiehi. To know the fraction of the 
scale division, by which the zero oi the vernier Is ahead of the 20th 
mart of the scafe, the point of coincidence of any mark of the vernier 
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Fjg. 12— A esmtiaeJ po9itir« sod Dctstii’t Vetaicr 

with a mark of the scale i» noted and in the figiite this point of 
coincidence is the 4th mark of the vernier, llje 3rd mark oE the 
Vernier thus is ahead of the Preceding tnatk of the scale by 0-1 unit 
and the 3nd by 02 unit, and so on iiU the zero matk of uie vernier 
is reached which must he ahead of the 20th mark of the scale hy fr4 
unit This is the fraction wanted. So the total length AC is 
26 4 mni.v=2a4 cm. 

N.B. What IS to be remembered here is that the numbering in 
tliis second type of vernier tnusi run tn a direcuon op^iic lo tJie 
)un of the main scale, for if it did otherwise, tc. had the zero of the 
vernier been on the same side as the zero of the main scale, tlie 
unknown fraction of distance between its zero mark in this condition 
and the preceding mark of the main scale would have gone on 
increasing by a length equal to the least count at the end of each 
progressive division of the vernier on account of a division of the 
vernier being greater than a main scale division. 

Vernier of Type 2 arc called Uack-vrard Reading ot Negative 
. ■ , or Barometric vermett WTten they had been invented, 

■ ’ tveie first fitted to scales attached to batomctecs and this is why 
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■ tiey sie.oltcn referred lo as barometiw verniers. Such verniers arc 
now-a-days very . seldom used. 

It rvill be clear from Rg. 12 (Type 2) that an ordinary vernier 
would have been useless if ns^ lo measure a long length like AC, for 
a greater part of the vernier in that case would have gone outside the 
main scale. Thus, lengths hng enough to run up to the end of a given 
scale cannot be measured rmih an onfetary vernier. While short lengths 
like AB cannot be measured with a bakward-tcading vernier, for the 
vernier will, in that case, go out of the veto of the main scale and 
become useless. The backward-reading VOTiier was fitted to barometers, 
for it could work up to the very end of the main scale. 

Note. — All verniers are not exactly the same as ihc one described, 
bur by adopting .the same rules, as pven above, any vernier can be 
read. 

18. Measurement of Small Lengths: — In the laboratory dre 
following three instruments, namely {a) Slide Callipers, (6) Screw- 
gauge, and (c) Spherometer, are commonly used for measuring the 
fractional part of a main scale division in measuicnents of small 
lengths, 'ney have tbeir own fields of applkadon depending on the 
suitability of die instrument and the convenience of measurement. 

(a) Tbi Slide Callipers. — The principle of ibe vernier is applied 
to a number of instruments of wliicn the simplest is the slide callrpers. 
Fig. Id shows die arrangements of the appliance. The main scale 



fig. 13 — Slide Callipers. 

has been drawn on a sjeel frame R at right angles to which there arc 
two steel jaws one of which AA, is fixed at one end. The other BB, 
is provided witlt a vernier and a fixing nut D and is shded along 
the main scale in making a measurement. 

The measurements arc in inches when the scale in the upper 
edge is used and arc in cemtimetres with that in the lower edge. 
The object under measurement is put between the jatvs Power jaws 
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for externcl diametcrj or lengths, and upper jaivs for internal 
diameters ot lengths of smalt gaps) and the sliding jaw is adjusted 
till the material is held between them with the mimmtim pressure ; 
in tills pwiiion the sliding jaw is fixed up by the fixing nut D. 
The position of the zero or the vernier is then found with the help 
of the main scale and the vernier as usual. 

lustninieBlal Error. — rr*»R */k« jaut art in eaniaet, tli« lero p( l!ie vernwr 
should coincidA with the zero of the maui scale. Tfie error that ariaei. If the jarva 
do not coincide, ii called tlie zera-err/rr or intlnmenlal (rrer, Xhia error, 
therefore, -wJ! be eijusi to the dialance of the cero of the vernier from (he 
aero of the main eeal*. It i» reRerded at ntfatae jf Uio reto of the vernier 
u on the left ol the eero ot the ruub scale, se. towarda the hxed jaw 
aeften (Aa tioo jaioi are juef an toueA and the eeitrttiBil » f>r,j.itive, ■ r. jt » 
i/j be added ta the obaeirceil reading i if the zeic of the \emivr is cm the ii^ht 
of the zero of the luain scale, (lie error is posiOce znd (he corrsetion Is 
sedative, i r. it it to be subtracted from the observed readisg. Ztenee the 
correct length « obserred leasthdiiBStruinenial error. 


ScRw and Nut ptlncipte.— Tlie principle it that when a screw 
works in a fixed rvut perfectly, th« linear distance through which 
*'■' point of the screw moves is directly proportional 
the rotation given to the screvwheaJ in other 
, iiords, the linear disinnce tr.ncJied through by the point 
- ol die screw for one complete rotation is cumtanr. 
Thu constant is called the pitch ol the screw which u 
jtidently the distance between cotrcsponding point' 
jn two consccuti'c turns o£ the thread as shown 
by p in J^jv J4. 

The (Winciplc of the screw nnd nut is applietl 
to some eoiiiniou laboratory apnli.iiiees lilc the screw- 
gauge. the splieromcter, etc The pitch of the sciew 
in these instrumenis is usually r mm or | mm. 



Micrometer Screw,— A mkrometer screw is a common Jahora- 
tory appliance used for the deicrininaaon of sm.all lengths at a fiveti 
accuracy. The arrangement in jr is simple There is a arcular scale, 
called the mictometcr-head. of large diatneter, fitted to the Ectew 
and also a linear scale arranged parallel to the axis of the screw. The 
linear scale is ordinarily graduated in millimetres and the circular 
scale is divided into 100 or £10 equal divisioni. 

I,ca't Count— II tb« circoUr scale on Sli* sttev. "neali u diviaei intn j> 
divisions, and the piUh of lb« screw is p. then the distance -^travelled ty the 
ecrew-pomt for a rotation of the screw head throuRh one circular dimmn is th.- 
smallest length that can be detemunnl zcoWalcly and is tailed the least count 
of the inilRiinent 
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Back-Lash Error. — This is an error which is associated, more or less, with 
all instruments working on the screw and not principle. And instmments, 
perfect when new, may develop this error with nse due to wear and tear. Due 
to looseness between the screw and the not, equal amount of rotation of the 
screw-licad in opposite directions may be found to produce unequal linear 
motion.s of the point of the screw. Error doe to this uncertainty is called 
back-lash error. This error may be avoided, if tlic screw is turned always in 
the same direction, when a adjustment is made while taking a iiicaaureineut. 


(b) The Screw-Gaugc. — The screw-gaugc (also called the Micro- 
vieter Screw-Gctuge) is used for measuring accurately tlie dimen- 
sions of small objects, such as the diameter of a wire, die thickness of 
a mctcl plate, etc. It consists of a fixed tod A (Fig. 15) having a plane 
end and a moveable rod B haring also a plane end facing A. Tlie rod 
B has a screw cut on ij and the sacw works inside a hollow cylinder, 
cadled the bub having a straight scale L (linear scale) etched on 
it along a reference line R. This scale is tised to indicate r!ie num- 
ber of comjilcte turns o£ .the screw. The rod A and the hub are firmly 
held co-axially at the two ends of a strong metal bar bent in the U- 
form. Tlie screw is worked by means of a large milled screw-head K 
which moves over the outside of the hub- Any fine adjustment of the 
scretr-head is made by turning a head, called the friction clutch (not 
shown in the figure) vdth winch .all modern instruments ore fitted. 
It should be turned tvith gentle uniform pressiiie. On being rotated, 
it automatically slips as soon as A and B touch each other. The 


Q 


Fig. 15— A Screw-Gauge, 


levelled edge of the screw-Lcad has etched on it a drcnlar scale C, 
called the bead-scale wliicfa is divided into a number of eqiiiil parts, 
usually 50 or 100, and is used for the determination of the fraction of 
one complete rotation. One complete turn of die head-scale moves the 
end of the screw through a distance equal to its pitch, which is the 
distance p between the consccudve threads of the screw (Fig. 14). So 
pitch is the amount by which the gap belK-een A and B (Fig. 15) 
is opened or closed by one complete rotation of the bead-scale. 
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Uie case. lead the- number ot divisions beiwcen the zero o! the disc- 
scalc sn<l the edge of S, which is the zero error. Repeat the cb<er>a. 
lion several times and Ml.e the mean of the readings as the zero 
error. This quantity must be subtfeeted algebraically front all 
readings roihefi anth tne tiiirnonenr. 

Note. — II the zero of the dlsc-scalc is atiove the zrro of the 
vertiral scale, the difference of the positions of ihe«e tivo zero marks 
—which is ihe zero error — is taken as positive, and the qii.antity is 
m he sublracied from the total reading. If the zero of the disc-scale 
is belotv the zero of the vertical scale, ihc icro error is negative, and 
it should be added to the lulal reading 

For e\amplc, let the error he 'J divisions of the disc-scale behind 
its zero, le below die zero of ihe vertical scale, then the value of 
the zero error ts — (3 xOOOJ>)= — Oyifi rnm (taking OCOS mm. as the 
lease count) If now the reading taken with the instrument be, say, 
127 mm, the eotreeted reading will lie {127— < -0015))=12S5 mm. 

Had tile error been 3 divisions of D abo'e the zero of the vertical 
scale, the value of the zero error would have been +t>01,') mm, and 
in that ca«e the corrected reading would haie been {1 27-(-tO01C) 
=1 Sblj mm 

(1) To Measure the Thtekness of n Plate ot Glass (by Sphere* 

meter),— 

<a) Pitch-Scale Method. — First determine the zero error of the 
sphetoriKtct pt4ung ji on a plate Now laise the verev. and pUcc 
the test plate on the base plate undemeaib the screw point, end then 
rake the readings of the venicnl scale S. and the dive D, when the 
screw point just foiichc* the lop of the plate, while the other three 
feet of ilic iiisiruinent still stand oa the base plate Kepeai Che 
observation several times ai different places on the surface of the test 
place and take the mean reading- The dillcrence between this auJ 
the zero error gives the average ihicktiesa of the plate 

(b) Rotatiun Mclhod.— It is found vviih most of the sphero- 
meter* that two complete turns of the disc are necessary to move the 
screiV'point through one division of the vertical scale 

At the time of taking .any reading with such an instrument it is 
often found difficult to judge whcUier the- reading induated on the 
disc-scalc is a fraction of the first o the serond tevolution after 
passing the last division of the vertical scale. For this, and also to 
avoid ihe zero error, it J.« convenient not to take any account of the 
vertical scale reading. Instead of this, the movement of the screw- 
point should be stated in terms of the loiaiion ot the circular divi- 
sions only, Tliat is, placing the test plate on a have plate. 

(i) first note which division of the circular vcalc is against the 
"’o of the vextic.vl scale when the ■crew-point touches the top of 
• ic test plate while tne outer diree legs of the tpheroineier stand on 
tlie top of die plate and then, cn temoving the test plate. 
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(jj) count from this, the whole and feactionai turns of the drcular 
scale until the screw-point again just touches the base plate. If, for 
example, 2 whole turns and 56 small divisians of the third turn are 
necessary for this adjustment, die thickness of the placc=2 whole 
turns+56=25G dh'i5ions=256xOOOo mm. (V 0005 mm. is the least 

(2) To Measure the Radios oC Cuevatare of a Spherical Surface 
(by SphcTomcter) ; — 

Pitch-Scale Method. — (t) Place die sphere- ^ 

meter ivith tlie fixed legs resting on the curved . . , 

surface, and adjust the screw until its point , 

just touches the surface. Bead the scales. || f 

Repeat the observation several times placing 
the instcumen: in diJfcreni portions of the \ 

curved surface. Calculate the mean of tlic / i \ 

readings. j 

(»■) Place the instrument on a plane glass I i f 

plate and adjust the screw until its point \ I / 

touches the surface. Rend the scale. Repeat it 
several times, and take the mean reading. 

(tVe) Find the dilFercnce h bettveen the two ^ 

mean readings, This gives the vertical distance ^ „ 

traversed by the scrcw-point. ^ 

(tV) Measure the distance d between any 
two of tiie three legs. To do this, place the 
instrument on .n piece of paper and press gendy 
so as to mark the positions of the diree legs D, E, F (Fig. 17), 

Now measure carefully the mean distance d between these marks. 
Then die radius of curvature R is given by, 
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Proof of Jhe Kornmla.— The dugram 17) teprcsenu a side 
view of a sphcrometci xcsiinj; on a spherical surface, "nie central 
leg A and t'vo of the ftced legs of the spherometer are visible. AU 
leptcscnts the vertifnl diMance h through which the central leg muse 
.be raised (or Ia«ercd) to that it may just touch the cuned siitface. 
DB (Si is the dist.ince betucen .tny of the lived legs and the central 
leg. nhen they are all resting on a plane siitface. If f? be the radius 
of ctirtature. t\e hate DO’i;Z)B*+Bt)’=iDB»+(/lO— /IBj’, 

or. >.>. «-.^‘ = ^ + 4 - 

The formula (1) can he put into another /orw. "IMien the central 
Ire just taiiehes the plane of the othet three legs, let B be the position 
o( the central leg. and D, E, F, ilte positions of the other three legs 
which form an eijiiil.atpral iri.tMlc (Fig 17. Imscr). The angle COF 
Ji SO*, and K. is the middle of DF, (be length of which, say, is j, 
DK-DB eot S0»-Fv''8f2, or, d/2-5 v'S/2. or, d»-35». 

.SuhstitutTDg the talue of 5* iu (I| wc li.ase, 



N.B. The method of measarereeot is the same for both consev 
end crncare atixf.tce.t. 

IP. IMeamrefflent of A^ea^— I'o find the lrn.gth of a straight 
line, it is necessary to tale onlv one mcaturement. So length it 
said to h.itc one difncnsion Rot in order tn measure an area two 
linear nseasucenienu ate neceisaty Thus for the area of a rectangle, 
two lengths, length and breadth, must be measured That is. &n tiVea 
has two diciemioiss. 

Units of Area.— The unis of area in the Metric system is the 
square centimetre, and that in the British system js the square foot 
?lctric Tilile o( .Irra . Bntlsfa Table of Area 

too sq. riitli:npSrT!i = 1 eq reniiniplrr I 144 eq incbes a 1 sq foot 

100 aq. ceatiasetiis = I sq ievtiKtjr j Q sq ft 1 eq yard 

1(X* so decuaetfM = I eq meire. dSW eq y<li = 1 ecre 

MO aerps - 1 sq mlp 

(a) Areas of Regular Figure*. — In order to measure the areas of 
jegular geometric figures, two bacar measurements, as involved rn the 
foUonmg relations, arc to be taLea — 

Area of rn-tanirle lessSbXbnadtk. 

,, ,. parallflaqram = taaexpwrradicclsr b<i;1it 

^ „ „ Iriaogl# p, }xl“»«X»ltitnJe. 

„ „ irapp.inm = j vanm pt |aia 31 fl aidceiCrtmcadicalar disUoce between 

.. circle = rX(rsd.M)’. 

,, „ ellipse .s jrXsenu ciajcr axisXecaii aioor axis. 
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Area of the curved surface of cylinder=circninferenco of croas-scctionxlengtkj 

Area of the surface of a sphere = area of the curved surface of the circums- 
cribing cylinder = S^rx2r = 4jir=, 

(xvhero r = radius of the sphotu r is also the radius of the base of tho 
circumscribing cylinder, and the height of the cylinder = 2r), 

(b) Areas of Irregular Figures. — The area of an irregular figure 
can be measured, by dividing the figure into suitable regular figures 
like triangles, rectangles, circles, etc., and then adding up the areas 
of these p.irrs. Besides, it can be measured. 

(I) By squared paper. — Draw an outline oi the figure on a 
squared paper. The boundary 
of the figure (Fig. 18j passes 
through a number of small 
sejuares on the paper. Now 
count the total number of 
complete squares and then 
count round the boundary 
line, ignoringthose •which are 
less than /«?// a square, but 
counting' as whole squares 
those that appear to be more 
than half squares. In the 
case of exact nalvcs, take two 
to count as one square. 

N.B, This is only a rouj'h method, and ibe result will nob bo vsty 
nccurntc, This msthoif, however, can readily be applied to find the orea of a 
country by drawing to scale, on xinared paper, a niap of its boundary. If 
the above figure represente the bonndarv of Uie map of a countty, then the 
urea of the country can be calcnlaled as follows 

Scale of map, SO miles e 1 in. or. 1 s^. ia. « 6400 sq. miles. 

Hence, area of tho country = 64Wxarea on graph paper in sq. inches 

(sq. tailos) 

(ii) By Planimeter. — The area of any plane figure can be 
directly recorded by this instrument. Tlic nvo arms AB, BC are 
freely joined at B. A graduated wheel D revolves in the elbotv at 
B round an axis parallel to the arm BC. 





Fig. 19 — A Flanimeter. 

In use, the lowest part of the wheel D, the spikes A and C touch 
the plane of die figure, tlie point A bang kept fixed iti position 
somcivherc at a convenient podtlon outade ' the figure while C is 
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slf>vvly inoiffl along the boundary line of the figure in such a way tJ * 
it returns to its initial position finally, Thc^ difference between di 
readings of the wheel befoic anti after tlic spike C goes roiirid 
figure giics the area ‘ ^ 

(«i) By wei^iitig. — Draw the ficurc on a thin sheet of card- 
board, or a thin ractat plate, vihose thickness should ,be ns uniform 
ns possible. Cut the figure out of it, and weigh it .acctirntcly. l'roin> 
the same sheet tut an area the shape of which may convcnienily b- 
<1 rectangle, or a tri.inglc, and find its weight. Calculate the r.^'j 
of the rcctaiiglc or the triangle, frpiu its linear dimcnsioiif. Tf a 
calctihire the area of the figure from the relation, '' 

area o f figure _ wdgltt of figure 
aten III rectangle weight of rcnanglc ‘ ‘ 

2D. Meosurement of Volume Tlic space occupied by a body 
is called its volume In order to incaiure the volume of a body ifirte 
/^rigt/is, I e Imglh, breitdlh, and hnght at thtekuess, should he corsi* 
clcrcd T^iereforc, a voliune bos ihm iliinenFioiis. 

Unit of Volumo.— The unit of voliune in the metric lyitem it 
the ctibte eenUmrtre (c.r), tind that in the British system is the 
ciilfic {out (cti. ft.). 

A common unit of volume for liquids in the British sysreut 
is one gallon (lfi4(><'e } which i» equal to the lokune of 10 Ih ^vnir} 
of pure H.itcr at fi2‘F., while ilut in the CCS system is one litrei 
which is cfliiftl to the volume of 1 kilogram or IIKXV r c. of pure water 
So one rnillilitrc (ml ) rorans 1 c.c. 

METRIC TAWX OF VOLUME 
1000 cubic niiBuncircs&l cubic centimetre (cc) 
lOOO cubic ccaumctrcs.= I cubic decimetre (I litre) 

1000 cubic dccimctrcs=l cubic metre. 

BRITISH TADI.E OF VOI.UME 
1 cubic foot=1728 cubic indict (ttu in) 

1 cubic v3rd»27 cubic foot fcu. ft.) 

Remember the follotring: — 

The litre ii the tiilume of 1 kilogram of coM tratcr. 

One grarn of cold xmicr fills one cubic ceri/imr/re. 

One flittd-ounce egiiofs 2t?3S cubic cenlinietres. 

One cubic foot equals -S-Sl litres. 

One cubic foot of cold water woighs 62*5 lbs. 

The gallon is the ivhime of 10 paundf of cold aaier. 

One gallon equals 4*54 litres. 

One jTttid-oufiCe is (he voftime of t ounce of co/d xfatcr. 
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^ (a) Measurement of VDlnme of a Liquid. — Tlie volume of a 

jd 15 readily measured by pouring ic into a graduated vessel. 
These graduated vessels are available in various forms. Fig. 20{n) 
represents a graduated cylinder, the luaridngs in it being usually in c.c. 
Tig. 20(fcl shows a inea- 
'.diring flask whose capa- 

is ordinarily marked 
in'. .5 badv and is used 
•vhen a definite volume of 
a liquid equal ,to its capa- 
city is taken initially. 

Eig. 20(c) shows a burette 
in which a liquid is taken 
^vhc^ a measured volume 
of it is to be poured into 
a Vessel. 

(b) Vo lames of 
Regular Solids.^ro cal- 
culate the volume of a 
solid which has a regular 
geometrical figure. 

Remember Sbe loIlaTring 

Volome of tectaDgolar solid (niboid) = leoglhxbreadthxbeiglit 
„ dyUniJer * are* of basexbciglit. 

•! X pyramid, or roue «= JXarea of ba.sexbcij:bt. 

„ „ sphere J^Xfmdius!'. 

Volume of a Sphere = f 

Proof. — The surface of a sphere can be imagined to be divided into 
an infinite number of small %ure5 [big, 20(d)], each of ivhich is 
practically a plane surface and may be considered jo form the base 
of a pyramid having a height equal to the radius r of the sphere, i.c. 
wiih its top at the centre of the sphere. Tlic sum of the bases of all 
the pyramids is the whole surface of dae sphere, and the sum of all 
these small pyramids is the volume of the sphere. 
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The Toinme of a small pjnramidcsjxarea of basexheight 



Fig. sold] 


TTic volume of the spherc=i^ x sum of 
the area of the bases of all the pyramid!. 

^^xsurface area of the sphere x radius 
=J X 4irr* } srr* : 

(V surface area of a sphere =4;rr’.I 
(c) Volumes of Irregular Solids.— The 
volume of .a small piece of an irregular solid, 
or that of a regular one can be determined. 


(D By displacement of water, — The volume of a small solid 
may be directly obtained by lowering it carefully into water contained 
in a graduated vessel, say. a graduated cylinder as depicted m 
Fig. 2d(«) and noting dte rise of tl»e surface of the water. Tlie rise 
of the surface, te. the difference between the first and second posU 
dons of the meniscus, gives the volume of water displaced by the 
solid i and. as a bo^ immersed in a liquid displaces its own volume 
of the liquid, the difference between the two positions of the meniscus 
gives tlie volume of Uie solid 


When the body is too big to go inude the measuring vessel, secure 
a fairly large vessel and attach a narrow piece of gummed paper vc-ti* 
rally TO the side of it Put a horizontal pencil mark at a level v^hir.h 
will he well above the top of the immersed solid Pour uacec in tin* 
vessel iinul us surface is in level with die pencil mark. 


If now the solid is introduced, an equal volume of water will be 
displaced or pushed above Put another mark corresponding to the 
surface of water again. Then take out carefully by a pipette the 
amount of displaced water. »c the amount of water between the two 
pencil marks, and measure it by a graduated vessel Tins will give 
the volume of the solid 


Note. — (1] It the solid floats in water, pnih it by a ceedle fiveJ to the 
ead o( a woodea pen holder antil the solid u corapletely rninimed 

(2] If the lolid H foluble io water, ate instead of water, some other 
liquid, say, alcohol or kcroime, m which it is not aolable 

(Li) By weighing, — Knowing that at ordinary temperatures (me 
cubic centimetre of icatcr toerghs t>fi« gram, the volume of a small 
solid can be accurately rfctfimincd hy vrrighing the amount of viater 
displaced by it. 

If the weight of the duplaced water is, say, 1& gms , then the 
volume of displaced water is 10 cx. (because the volume of 1 pm. 
of vratfr is equal to 1 C.C.), and so the volume of the solid is also 
10 e c. So, the weight in grams <rf the displaeed n.vter is runicncally 
equal to the volume of the body in culdc centimetres. If the solid is 
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soluble in water, a liquid, in whiti rfie solid is insoluble, is ,to he taken. 
To know the volume in this case, the weight of die displaced liquid in 
grams is to be dinded by die denskv of the liquid {vide Arc. 2G0). 
To measure volume bv weighing, another method based on the 
Archimedes' Principle {vide Cfaaptw X) is available. 

21. Measurement of Mass: — The mass o£ a body is ordinarily 
measured by means of a cominon balance {vide Art. 190). I: can also 
be measured by a spring balance after calibrating it (mde Arc. 199). 

22. Measurement of Time ; — Any process which repeats itself 
after a regular inienal of time can be ns^ to measure time. Depend- 
ing on this principle the andent people devised various dericcs, like 
the sun-dial, the hour-glass, the waKr-dodc, etc. for measuring dme. 

(a) The Stm-dial. — This instrument (Fig. 21) was universally 
used by the ancient people. It consists of a horizontal circular board 



lig. 21— Ths Stffl.dial. FiS- 22— The Sand-glass, 

which has graduations from 1 to 12 as those on a dock. A tr.angular 
plate of metal fixed on the board vetticsdly in a north-south dire.tion 
senes as an obstacle to the ravs of the sun. Any particular period 
of the dav is indicated by the poshioa of its shadow cast by the sun 
on the graduated board at that nine. The shadow js longest when 
the sun is on the horizon, lie. at die time of the sunrise or the sun- 
set. .After the sunrise as the sun rises up in the sky, the Icngtli 
of the shadow shortens and finally at noon when the sun is at the 
zenith, the shadow vanishes. After die noon it changes side and the 
shadow lengthens again as the sun dedines. 

The sun-dial can be used only on a sunny day and cannot fas 
used at night or on a cloudy day. 

(b) The Hour-glass (or Sand-^ass). — ^This consists of two 
comcal flasks jo'ined neck to nedt (Eig. 22) having an inter-communi- 
VoL 1—3 
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•eating narrow opening in the middle, A tneasured quantity of dry 
^s.ind js taken in the tipper flask and the principle imohed in the 
jiieasiirernent is that a tiefinitc iiiterral of time i» necessary for the 
■passing of the sand fioio ilie •upper flask into the lower. 

(c) Clocks and Watches.— Qocts and siatchcs are nmra- 
^ays universally used for the measurement, of time and hate 
.practically superseded all prtmlusc time-measuring dcsicc* Their 
construction has been possible after the discovery of the laws of 
-nrrdiilum (iidi- Cli.ipter V) in 15Stl and it w.is Icfc to a Dutch 
Pliysicisf, Ilin’grns. to use a pcndidum afterwards for iia-.tsunng time. 
.Tn 165S a ejo^ fitted ssith a pendulum was first used by him to- 
measure nine. Since tlieu, lionever, sasc improsemenit in the 
mechanism of clocks hate been made by later workers 

The length of a seconds pendulum {ude Art, 123) can be so 
chosen at any ghea place as to take one second to swing from one 
extreme posiuon to the oiher The motion of the pendulum c.in lie 
rommunieaicri at the end of eiety swing lo the hand* of a clock by 
lueans of siiJtaWe mechanism The h.io^s mewe cner a dial graduated 
In hours, minutes, and sccoiid* Tlic cuvrey of the pendulum is 
taken from a wmiml spring which runs it Tlie s|triDg requires to he 
wound after regular intervals 

(1) The Walch.— The principle of a watdi [pocket natch or 
svnM watch) is the same as iliai of the clock except that the pendulum 
is replaced hare by a balance wheel controlled by a hair spring The 
balance wheel oscillates, the neccssaty energy being supplied by a 
wound spring as in the case ot the pendulum dock. 

A Chronometer is a specially constructed natch trhich gives 
rime with the greatest precision and is generally used for comparison 
purpose in rogiiljtmg ordinary dorks oi natdies 


(ii) The Slop*-watch or Slop^^locV.- 
sniall interval of ti 
between two events 


■ \x 


Fi’ ^AStop-w 

-3 minute so -that c 




vised vihEn 



be lecotded. 

The SJop-»»a(cb.— It js a speu.vltv cons- 
tructed watib (Fig 53/ having a long second- 
hand which moves over a circular dial with 
fX> equal diviaons, each division representing 
a second. Each such division i* usually sub- 
divided into fi/lfit or tcrilliT At the begin- 
ning of an event when the knoh .it the fop is 
pfessed. the second-hand xtarls and it sjopt 
when pressed for die second rime at the end 
of the event. TTvete is a small minute-hand 
which mores over a small drcailar dial 
graduated mto GO divisions, each representing 
coropicic jotaiion of the minute-hand through 
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360° means an interval of one hour. The time recorded by the minute 
and second hands, when the hands 
stop as the knob is pressed for the 
second lime, i.e. at Ae end of an 
event, gi\-es the interval of time 
during an event. The hands fly bade 
to zero positions when pressed tor the 
third time and the watch becomes 
ready again for new observations. 

(iii) The Stop'clock. — It b a 
tabic-clock run on the same prindple 
as that of a stop-watch. Tlie differ- 
ence in mechanism is that a straight 
rod KK- projecting out of the dock 
both >vays a;: the sides is used to 
start or stop the dock |Fig. 23(ff)]. 

When the right end of the projecting 
rod is pushed to fhc left, the clock 
starts and when pushed to the right 
from the left it stops. There is usual- 
ly a third liand which can be set 
tioin outside over the second hand 
and it stays there indicating the start- 
ing time, when the minute and 
second hands are on the move. 

(It) Tlie Metronome. — T h i s 
instrument (Fig. 24) is used to mark 
time. It has a mechanism (run by 
dock-work) to move the pendulum, 
by which .ticks can he heard at 
the end of each swing. The ticking 
dmc can be altered by adjusibg the 
podtion of a sliding-weight on the 
pendulum rod. 




Questions 

1. Give tlie eonstruciion and woriiing of a spherometer. TIow vrould yoe 

^letormiIlc the foca! length of e lens with its help ? {V. V. B. ISAS) 

2. How would you measure the curvature of a sphoriral surface hv a 

spherometer ? (JI. B, B, 19S1) 

3. Give flic principle of a vernier and explain its working. Each division 

of a main scale is 0'6 mm. 9 divi^ons of the mein scale are equal to 10 divisions 
of tlie vernier. Lcugtli of a cylinder is measured. The readings ate : 78 divisions 
of the main scale; and the division of the vernier coincides with a division 
of llie main scale. Caiculato fho lei^tli of the cylinder. (Del. H. S. 1653) 

[.•Ins, 3'93 cm,] 
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4 T]ib fiji-d Jsgs ol B *phCTom»ter at* at th» comers of »n e<\oiUIersl 
triangle of 4 cm. side tVhcn adjasted en the tarface of a spherics! mirror, fhe 
irulrLUnent teads 1 500 mm. Pina llus radma of curratare of tha narrar, taViog 
zero error of tiie imitumeRt to be aero. Prose the formula sou use 

trlna. 1784 cm 1 (U. T. B. lS5i> 

5. AssUDiiQg (he earth to lie spherical, calculate its surfsce arra iu square 
miles, taking Its diameter to be about 8CD0 nilei. 
f.In*. 20114x10* «q miks J 

119 ft. and 167 U l^ng retpeetisely. Find (he length el the radius el a third 
concentric circle which will diside the ring auto tno rings whose sceai ahall be 
ecjual to one another. 

lAnt 145 ft I 

7, How would ^ou measure the area o( an itrcgalar 6guto drawn on a sheet 
ol paper? 

3 Calculate the volume ct cue m cubic feet eontaiscd In a e^Undtual 
gasometer htvins a height of ISO it aud diameter 150 ft 
[diis. 2,651785 7 cu. It.J 

9 ilow will sou 6Bd (be volume ef a eelid e( meeulsr •hspe? 

10 V. 1917, ■», Dae. 1032) 


CHATTER III 

STATICS AND DYNAMICS 

13. Bafly;— A body 1» a portion of matter limltetl in every 
(IirtKiiun. It occupict tome definite apace and hat a definite <izc 
and shape. 

A hody is said to be rigid, if its parts always preserve invariable 
positions With respect ro one another Acttial.y all boilies yield mure 
Or less under the acCion of forces. I'oc our ini evtij^atifiri', a body 
will he considerer! rigid unless othemisc stated 

24. Particle r— If a portion of matter is eo small in size that for 
the purpose of int cstigations the distances bccwcerr its different 
parts may be neglected, it is said to be a particle II is a matenaJ 
point occupyng some position but hovtnf' no dimension- Rotation 
or spin has no meaning for it Any motion of it only signifies a 
transference of positiort from one perat in space to another. 

25. Mechanics: — It is that branch of science which deals with 
the conditions of rest or motion of bodies around us* It has two 
subdivisions, statics and dynamics. Statics Is that branch of meca- 
nics which deals with the science of forces balancing one another. 


* The term mechanict war first used by Newton far "the science of maclimes 
and the art of making them ** fiobaequent writers, however, arlopted this term 
BS B branch of acieaca which (rests of tbs eonditiona of rest or motion of bodies 

BTQuad <u. 
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The forces cousidcred may act at a poiat or on a solid, a liquid, or 
a gas. The bratjch of statics which considers the relations between 
forces acting on a liquid at rest has a special name, hydrostatics and 
the branch which considers the equilibrium of a gas has another 
special name, pneamatics. Dynamics is diac branch of mechanics 
"hich treats of the science of bodies in motion. It is di^'idctl into 
Kinematics and Kinetics. Kinemalica deals witli motion tw'l/ioti/ 
reference to its cause. According to some writers this is a branclt 
of pure mathenjatics. Kinetics is the science of motion ai/k 
reference to its cause, ».c. it is the sdence of unbalanced forces or 
the relations between motion and forces. In hydrodynamics die 
rclarions Ijctucen motion and force in fluids are considered. 
Hydraulics deals with the arolicapons of the principles of hydro- 
statics and hydrodynamics to Engineering. 

26, Position of a Point or body : — Tlie position of a point 
or body lying on a plane can be determined in various tvays of uhid: 
the commonest is by finding the distances of it from isvo mutually 
intersecting straight lines (called the if.vcs of reference) in the same 
plane ineaBurcd along lines drawn front it parallel to the axes. Theso 
distances arc called its ciyordinates teith reference to the axes. The 

oint of intersection of the axes is called die origin, its co-ordinates 

cing 0,0. This is a standard or reference point taken apparently 
as fixed, The axes -of reference may be mutually perpendicular to 
each other, when they are called recians^lar axes, or they may b« 
inclined to each other at an angle other Than a right angle when 
they are called oblique axes. Tlie rectangular axes are more 
convenient and are most commonly used. The co-ordinates referred 
to cither rectangular or oblique axes arc called Cartesian co-ordinates 
in honour of Rene Descartes (1696-1650) of Touraine, France. 

27. The Rectaagular Co-ordinates : — The horizontal and 

vertical lines XX' and Tf" (Fig. 25) represtnt jwo rectangular axes 
liaving origin O. The co-ordinates 
of any point P referred to the axes 
XX' and YY' arc respectively givtai 
by X and y, the former being called 
the abscissa and the latter, the ordi- 
nate. When the co-ordinates of a 
point with reference to a given pair 
of axes are given, the process of 
marking the position of the point on 
the plane is called flatting llte point. 

A detailed study of how points are Fig. 25 

plotted on a graph paper using rec- 
tangular co-ordinates, i.e. how ^aphs are draum is given in 
Appendix (B) at the end of the booln 

Just as die position of any point on a given plane can be found 
when its co-ordinntes nith reference to two given axes in the plane 
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are gncn, the position can as ncll be traced if the distance of tlie 
point front the origin and the ttngfe by ■which tlie line joining the 
point ititii the otgin »s inclineil to ctibei of tlie given aces of 
reference arc giien. Holh the abotc incthods are used in our daily 
iifc. In geographical survey, generally, the ohstner himself or a 
lery Mcll-knoivn object is tnLea as die origin and ilie geographical 
East-W'fst anti North-SouiJi fines passing tlirough the origin are 
used as the axes of reference 

l''or example, if it is slated iliat die playground of a college js a 
c)iiatter mile to ilie Souili-raist of the crtlege jiitinises, to arriie at 
tile grouofl one has only to walk a quariec mile fioni die college 
prenuses .along a clireccioii e(|ually inclined to the South and the East 
or, in the alternative, to walk 440xcos 45* yds, ic 310-2 ycl» due 
South and then to tvalk fuTther Sl02 yds due East It is to be 
noted, houeier, that in order to find the position of j point m space, 
le when it is not sufHcient to know its position in a given plane, its 
co-ordinates referred to ihree rruiiuallv perpendicular axes meeting 
at a common origin <rp/><ireKriy fixed m space are to be knovto 

IS. Rest and Motion t— A body said to be at rest when it 
does not change its position with time , it is said to be in motion 
when with time it changes us posiuon 

Absolute rest 1$ unknown. — To know if the position of an 
object changes with time or not. a point a^soliiiely fixed in space i< 
required to be known No such fixed or stationary point is knowr 
in this universe When you <ay that a ball h at rest on the ground, 
the ground is considered stationary and the ball does not change iu 
position with respect to- it As a matter of fact, the ground, ie the 
earth, is not stationaty; it ts always in motion It motet rounil 
the sun find it also rotates about its own polar axis. The sun i« also 
never at rest, with the pfancts bound to if itis in constant whirling 
motion among'it the galan-e of stati and the latter also are aUvavs m 
motion with respect to each other The ball, being on the earth, is 
sharing such motion and cannot be at absolute rest So ahsohnc rest 
ij a term a-hich has no! meaning in reahty By stating that the haU 
k at rest oa the ground, what is meant, as stated above, is that it is 
not changing its position with respect to the earth That is, rest here 
me.ins relative rest A body, therefore, is at relative rest tix/h rer- 
pect to miather rcheii ij does not change its positxon relative to the 
tatter. A passenger seated in a running train is at rel.itive rest wiih 
respect to the inmates of ihc train while actually he i? moving with 
respiT-t lo the olijeris on »he roadside Birds flying in the sky in 
a form.’tinn ate at telafwe rest wth KSpect lo each other while thev 
ate in continuous motion 

All Motion is relafire, — ^As the motion of a bociv involves .a 
change of its position, to measure motion a point fixed in position 
called the reiercrcc point is necessary, from which the change of 
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position is to be known. As already explained, no such fixed point 
IS realisable in nature. So when wc say that a body is in motion, the' 
idea behind is that it is changing its portion witli respect to some' 
kno\i’n object, i.c. the body is in reladve motion, with respect to the 
known object. It has been customary to refer the motion, of all 
terrestrial bodies witit respect to the earth, 

29. Kinds of Motioo (Translaloiy and Rolatory) rThe 
motion of a body may be cither translatory or rotatory or 
both. The translatory motion may again be subdivided into 
TecUltnear and curviUnenr motimis. A body is said to lie in 
translatory motion when it moves in such a wav that its con- 
stituent parts have such identical motion that dte fine joining any 
tuo points of the body always moves parallel to itself when the 
body is in motion. Fig. 20 illustrates the motion of body wlien . 
the line joining any two points a, b is parallel and equal to tltC' 
line o'h' whicli joins up the same two points in a neiv position 
occupied by die body in 
course of its motion. So the 
motion is ti’anslatory. More- 
over, the path of morion aa' 
of any pome a, or bh' of any 
other point & is a straight 
line. Therefore this trans- 
latory motion is rectiline.ir ^'5- 26 

too, When a stone /rce/y jails 

from a height, when a train runs on straight rails, etc. a translatory 
rectilinear motion is produced. 

When the motion of translation aa' takes place along a curved 
path it is called a curvilinear motion. 

When a body turns about a fixed point or axis, it is said to be 
in rotatory motion. 



Fig. 27 


A stone tied at the end of a string held in the hand and wliirlcd 
round [Fig. 27(u)], the motion of a flywheel about a shaft 
[Fig. 27(b)], etc. arc typical examples of rotatorj' motion. 
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A motion, besides bciug simply translaiory or rotatory as already 
raplamet!, may often he complex in nature resulting from a com- 
bmatbn of a rotation arsd. a tranalation, Tltese both hintls of motion 
are involved when a body rolls down an inclined plane, or a rupee 
rolls on the floor, /ill sorts of complex motions m.iy he produced by 
the suitable cotnhinatLon of the above tvio timplc motions. 


3D. Terms cumiecled tri(h Motion: — 


Displacement.— -The dLsplaccnioit ot a moving body in a gnen 
uine 15 Its change of position in a paniciilar direction in tliat time, 
the change of jiosition bein;j found by ioining the initial position 
ro the final position by a siratghi line, whatever, might be the nature 
of the path actually travcrscrl by the body in tliat time, 'Die 
dIspUcemcnc is thus .a a^iiantity which h.is a magnitude as well ns 
a (lircaiou, Uic length of tlie viraighi line gitmg tlic magniiude, 
die direction being given by that of (he line in a leiise pointing from 
die initial to the flna] position. 

Suppose, a body statu ftonri O, the origin o£ the rectangular ax» 
XX' and Kl" (Fie S8j and tra- 
velling along OCP in the plane 
of X.\’ and VY', reaches i' m " 


_ placement of the body will be 
X given by the dotted line OP 
whose magnnude is cpual to 
V(i>r*+y’) and is directed from 
<) to /■* .dong the straight line 
Ol* which IS inclined to the 




i bv ; 


V ancle 9=tan"‘'i* 


Speed.— Thr rate nt jofttch a snoMiig body descTxbos its pulh is 
called its speed. It is measured by the distance tr.avelled hy the body 
along a straigtli or curved palli in luiil time. It is <i quantity which 
gives the idea of a magiuiudc <mly and has na leicrtiice to any 
direction. 

It is said to he unifoim when it p.tsscs over equal lengths of 
its path in equal interv.ils of time, however small ihcvc equal nme 
intervals may be. It is non-uai/orm or variable when the body 
traces out unequal leiigclis of its padi in equal mtervals of time at 
difTeient points of the path. When the speed is variable, oficn it 
becomes necessary to know the ^eed at any instant or at any 
particular point of the path. This is given by the actual distance 
passed over by the body in an indefinitely small interval of time 
around the instant iji question divided hy the time interval When 
the speed is variable, often it is very helpiul in practice to know 
simply ira average speed. The average speed of a moving body in 
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any given interval of time during its motion is given by the 
Icngtli of the traversed path divided by the time taken. If a length 
•of path s is dcscrihed by a body in time f, under variable motion, the 
average speed during that time is ^ven by s/i. The body would have 
passed over the same length of the path in that time had it moved 
with a uniform speed s/t. Average speed may be taken, it should be 
noted, only if the variation of speed is sioalL 

Velocity. — The velocity of a moving body is its rote of dis- 
placement. So it may also be defined as the change of the position 
of a moving body in a definite direction per unit time, or as the 
distance traversed by the body in a definite dfrecjioii in unit time. 
To specify velocity, therefore, its magnitude as well as direction must 
be stated. Changes in either magiuciide or direejion or botli change 
the velocity of a body. 


Uniform Velocity. — The velocity of a moving body is said to 
be uniform when it always 

moves along the same ^ — tseo.' > < • ■iBec. - x .-jseo.— ^ 

straight line in the same a _b — c 

sense describing equal dis* O O' " " O " O 

lanccs in equal intervals of < • lOft . - < ■ lOft.— 10ft.— ^ 
time, however small these 

intervals m a y be, In Fig. Fig- 29— Uniform Velocity, 

29, a, b, c, d represent successive positions of a body having a uni- 
form velociiy of 10 ft. per sec 


Velocity at a point. — When the velodty of a body is variable, 
8 value at any point of the path is given by the distance passed 
ovci- by the body involving the point of the 
path in question m an indefinitely small intcr- 
w' ‘"X val of time divided by the time interval. If titc 

/ \ path of motion is not a straight line, tltc direc- 

^ \v^ lion of the velocity will be that of die tangent 

3 P drawn to the curved path at jhe point in ques- 

tk>n pointing to the direction of motion. Tims, 
if a body moves along a curve OCP (Fig. 30) 
1 the direction shown by the arrows, the velocity at any point C 
I the path ivill be in the direction CQ, wlueli is tangential to the 
iT\'c at the point C in question. 


Average Velocity. — WTicn velodty of a body is non-uniform 
but taking place in the same direction, its average velocity is given 
by the total distance passed over by the body in a given interval of 
time divided by the time infervaL 

31. Distinction between Velocity and Speed: — (a) The 
velocity of a moving body is the distance traversed by it in a definite 
direction in unit time. 

(b) The speed of a moving body is simply the clisiance 
traversed by it in unit time, where the distance may not be in a 
definite direction. 
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to specify a velcdiy completelv, Its majni/nd'tf as «cll as 
Its direclion must be stated; but to specify a speed completely, it 
is necessary to state only its roagDicade Hence velocity ts spcrd 
In soiite parllciifar direction. 

To tmdersiand more ejearty the diffMence bct«cen speed and 
Nclodty, take, fur example, the case of a motor bicycle tratelline 
round a circular track at a eoasiant rate. In this c.tsc the speed oT 
the bicycle js constant, but its telocity is ctmscanily changing 

32, Units ol Velocity or Speed t — A botiy has unit velocity or 
speed ulicn it traiersea unit distance in untt time 

Tile C.G,S. unit is j The F.P,S. unit is 

one centimetre per second. / one foot per second, 

33, AccelcmtioR t— The /Icccferation of a body under nioitott is 
the rate vj c/i<r«^e oj US velocit} .kccelctarion i* vniforin «hen equal 
changes m seloeitv occur jii equal intersaU of lime, however small the 
tinie interval mav be. In other ca«e$, it is vannMe. 

Areeieration has both magnitude and direction, .and 'o any change 
in either of them vmU change the .acceleration of a body under motion 

Suppose the vclocav of a bodv at the beginning of an interval of 
time IS 9 ft per sec. and at the end of the fit^t second the vtlontv 
becomes 11 ft per second 
■«laee>*-l*ec.-*»-deco.— >•« — H«c ' ^ (Fig 3J), then during the 

qO qP q C Qtt — interval of one second ilic 

vrlocity of tile Lody has 
t n c r c a a td by 2 ft pet 
Fic 31— Uaiforra Ae««lmtioo second, the iiit-ragc veloHtv 

during the interval being 10 ft ^ tec. If again, .n the end of next 
successive seconds, the veloatv Ixxomcs 18, 15. IT, etc ft per sec. 
tlicn the change of v'cJoaty of the body is uniform, anti is efTcettd 
at the rate of 2 ft per see. in each second, the corresponding average 
ielocifie.s being 12, 14. JO, etc ft per tcc so the rate of clianue 
of lelocitr, ic. the acceleration ol the body, it 2 ft per sec per see. 
In Fig. .31. a represents the posilion of the bodv at the hcginniiiL; 
and /^/:,d,r. the .successive positions at an interval of 1 seaimJ In 
this cave, the velocity is increased by equal atnoutiw in equal intervals 
of time. So, it is a case of uniform acceleration 

III acceleration, the unit of limcconies twice, l.ecau'e it involves 
a ch.ingc of velocity, and also a time m which the change occur' 

A falling stone gradually increases in velocity vertically dounivarcls 
hy 32 ft. per second in. every second . so the acccterauon of the stone 
wall be expressed as 32 ft per second per second [cr OSl ems per sec. 
per sec (or ems per sec.*)). 

34, The Units of Acceleralkni : — A body lias umt arcricr.vtion, 
if its vcloaty changes by unity in “nit time 

The C.G,S.unii of acceleration is] The F.?5. unit o! accelriation b 
one centimetre per sec. per sec. lone foot per see. per sec. 
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35. Retardation : — When a raoving bodv graduallv slows down, 
its ^-elocity dtininishcs, and the rate of diniinution is k n o « n as 
retardation. A relardaliou is a negative acceleration. A stone 
tlirotMi vertically upwards has negative acceleration, i.c. retardation, 
dll it attains the maximum hdght. If the vdodiy of a train approach- 
ing a station decreases 2 ft. per sec. in a second, we sav its accelera- 
tion is —2 ft. per sec. per sea, or rctardadon is 2 ft./sec.=. like 
accclcradon, retardation nwy also be uniform or variable. 

36. Angnlar Velocity : — Whm a body moves on a flaw, its 
angular •velocity about any fixed point in that plane tV gfocn by the 
angle that tnay be imagmed to be described per second Iry the line 
joining the body to the point, as the body moves. It is said to be 
uniform, if equal angles are described in equal tunes, how'c\'er small 
the rime interval may be. 

If in a time, f, the angle uniformly described be 0 (proDounced 
‘‘tliett^’), then the uniform angular velocity to (pronounced “owicgtr") 
is given \>y,<o=$/t degrees per second. 

But the angular velocity is generally expressed in circular 
measure, i.e. radians* per second. 

In one complete revolution, four right angles arc described and 
rhe drciilar measure of four right angles is 2e radians where 
(r=^* =3‘14 approximately. Hence, if f "be the rime for n revolu- 
tions, or, u>s2R»/t radians per see. 

If a body maies n revolutions per iiiiuute (R.P.M.), the number 
of revolutions' per sec, {RP.S.) is «/60. 

The angular vclodiy of the body, 
to!=2ff x«/00=rn/30 radians per see. 

37. Relation bctrreca Linear and Angular Velocity in Uniform 
Circular Motion : — Let u» be the uniform 
angular velocity of a parade moving round 
the dtaimferencc of a circle of radius 
r (Hg. 32). If f seconds be the time for one 
complete revolution, 

r=2s-/<<) sec. ('.' the angle turned through 
is 2r radians). 

Again, if v be ihc linear velocity of the 
pardcic, 



Hence, 2cTfv=2rl<o, or, o=cor ... ... (1) 

Thus, the linear velocity of any parade of the body rotating about 
a fixed axis is directly proportional to its distance from tlie axis of 

' One radian is (lie an^c snhienijed at tie centre of n circle bv an arc 
eqaal in length to the radins of the cirde. I iadi3n=57* 17’ 44'S". 
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rotation and is obtained by Ac |SOduct of the arig>il.-»r velodiy and 
the distance. 


Examples. (/) -i eireus /lont Irett tennd a tireular patK et a ipeed e/ S niln 
on hout, Utxwj kfld liy a ropt SO ft. tony. Find l/ii ahjvlar telocily of tU tope. 
8 miles an X8 P« «t. [*/ 1 milo=620D fl ) 


or, w— O'&a tadiaa per sec ' 

(2) /i^iibetl Tvtutri nbual i> axu ol Ihi mil ej IZf niolutiens ptr 
minvli; find tfte orjutar tcleetl.v «>/ eny point on tht lelitil. ir<tai u lAt Imar 
veioeily. >/ lAe radtui of tkt vAeet u tu.* 

RPM ol wh»el=15&. .. Aogl* <l»«<rib<a per misala-JSOxST rediaas, 

nKea ^mS3^^ Angolot w s taiUsm [»r ws 

Einear >eloeit) rw — 3 i>;A.-;b&$ It/tee 


39 . UnUona Motion In n Siiaight Line s— 

Distauco (ratorsed In ( fees, by a body luoslog wllli Uniform 
Velocity v. 

I£ the body moves with u uniCorm veloaiy ti, then by cleAniuon, 
V is Ae distance traversed by the body m each unit of time 

Heuce, in ‘J units of time Ae loul disuiicc traversed is 2u; 

H 3 n « » ». » 3y j 

and so „ < „ „ „ „ tv. 

Therefore, if s be Ae distance traversed in time i, 
s=vt. 

ExSPipIS. A ttoin motrt et Om ta/« of 60 oniea un hour. Ejpreis its 
ttloeili in feet per 

1 inil«=52j30 ft., .. 60 idiIm^BOxASSO n.; and 1 hoar ->(60x60) sec 
So lti« mm toovat («X5280) ft. u» <e)XW) trrs. 




Remember Aat 60 miles per livur =88 feet per second 

„ „ 40 „ « » ={x88 „ „ 

„ „ 30 „ „ „ =4x88 „ 

39. RcclUincni Motion with Unifwna Acceleralbn: — When 
a body move* in a straight Ime with uniform aeceleiaiion, the 
rclauons bctivccn distance, time, veoaty and aicdcraticm can be 
oipressed by simple equations first pointed out by Galileo These 
equations are called the Cquadons of Motion which can be staieJ as 
follows 


If a body moves along a sirmshS line tiifJi iiniforni uccriefotion I 
and if Q and v be its vcloctltes at the begimuitg and end of any inter- 
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val of time t considered during the motion, and s the distance 
traversed by it during that time, theji, 

(0 V = Q+ft. 

(»} S = 

(i!f) v®=n'+2fs. 

(i) Velocity v acquired in lime t secs, by a body moviag with 
a nniform acceleration of { ft. sec. per sec. 

Suppose H is the vclodty at ibc beginning of an intcn-al of lime 
t. Since die acceleration of ibe body is /, the velocity of the body is 
incre.ised in each second by a vdodty of / ft. per sec, 

At the end of 1 sec. the velocity is «+/; 

.... 2 seer. ,. « + 2/; 

.. .. 3 „ .. «+ 8 /; 

and so. „ „ t „ „ „ ti+tf. 

Hence, T*u+tt ... ... (1) 

or, 

or. Increase of vclocily^acccleration x f«njc 
and /=^7^- 

or, Acceleralionsiincrcasc of velocUy-i-timc. 

Examples. (/) A My itarls ftfm ml and ocguircs o rdociJy of S ftiio. 
metm in 8 infnwtes. «» il« acccUmiinn t 

8 kilometres per see.a8(X)000 cms. per see.; 2 niinuless.120 secs. 

Hero veSOOOOO; 1^120; /a ! 

!•»«+//. • or, 8COOOO«0+/. 120; 
or, /=6668’66 cats. i>er sec. per see. 

(S) A bodi/ las a veleeily oj tii ft. ftt tea. at an instant and is sebfeet to 
a fclardation of SS ft. ptr tee.’ H'hat it tie itlocify after 10 seeotds ? 

Hero u = 144; /=t-32; 1=10; «= ! 

Wc liave t' = u+A.=liM+(-^XW=l*»-320=-l'S«. 

Here the body is moving wilb a velocity ot 176 fU per sec. in lie opposite 
direetion to tliat in tvliiclj it starled. 

(ii) Distance traversed ia t secs, by a body moviDg svith a 
uniform acceleration of C ft. per sec. per see. 

Ler the body move along a straight line \vith unifomi acceiera-. 
tion f, and let n and r be its velocities at cite beginning and end of, 
any interval / during its motion, s being tlic distance traversed, 

As the acceleration is uniform, and die velocity gradually changes 
from It to tf, the average velocity during jbe time should therefore be 
somedting intermediate bct'veen u and v. Let V denote its velocity at 
the middle of die time considered, f.c. at time so that, V=u + f 
from (i), Art. 39. 
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Now, X secmifls befoie lias middle iiutan; the velocity is V~fx 
and in an pxItoucIj interval of time T there, the distance 

Uavelkd by the body is pracocally {^'~fx)7. In the same small 
interval, x seconds later than ihe middle instant, the distance travelled 
by the body vvill be (V+ix)T. The total distance covered by the 
body dtiinig these two c^ual small intervals T, T is therefore, 

(j'-»T+(r+/r)r^2i'r. 

which IS tlie same as if the body tsitjvcd wtdt the velocity V during 
liotli these intervals The whole time interval t can be imagined to 
he divided into sudi pairs of c^ual small intervals equidistant from 
the middle instant and os loi each pair the above reasoning holds, 
the actual distance S to be tta'cHcd during time ( will be the same 
as if the body moved with a umforra velodty V from beginning to 
end In other words. V rcpresenis the true average velooty ol the 
body 


Hence S* ^ ti t-/. t 


. . ( 2 ) 
Kvimplei Celcviatt the iiultal i<r»ciry«/ a tra<n wAieft rum down 9iS Ini 
a) iffchfle t;i It) secendi a utuiom ac«/crati«n o) i fi per tte per ser. 
11<r» i->3:5, jwZ, vs « 

326-10«+Jx2XlO’-UNt-IOO» 
or, 10ua32£— iOOa^SS. Ilcnco vbSSS ft ptt lec 

(ill) Velocity of a body acquired in a distance s under accelera- 
tion f. 

From Eq in (1). v’ + 

«>a*+2l.s (3), from Eq (2), 

Eiainplcs. (/) A train runt at a speerf «/ 30 "Olti per hout Tit traltt are 
tien to at to jrroian a unilirrm neceieratwn of —2 ft /tel* Fmei hov 

far tie Iram a-ili go biforv tt ta irtaugM l» ml. 

30 iniler per liojr= 44 fl /sk 

llrTP 1 / »44 ft /sec , i =0, /=-2 II /«ec’; »= » 

\Vc hive. f-tr+2/t| or, 0-(44)*+2(-2)x*-(«4)’-‘’". 

.. .•= .484 ft 


(.’1 -I 


Min^ci rAi ratt of SOD It /sec i« fired tnio th> trvni ej a tree 
vnirn ir prnelralta 9 mehft. If the tvWet "voiina wiM tit tamt vilooty 
fixtil infe a iimifar pitrr of not’d S uiehrt Wcel, leifA trhoi tvlrcttj - 


r tii 


to H tmifarm t (H. U fSJS) 

ibe initial vdoeity, ««=2«) It /sec , fled Iho final velo- 

I TlieaieradB 


1=0 stler pcnttralins 9 intliM of •"'J. 

dsliOQ / is to bo calculated hoot the vqialnn, r*. 

•. 0’=2C>y-2/XT • T **■ 
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In the second cnsB, Ih® retardsUon is the same, the wood being of similar 
kind. TbB final velocity v after pas^g throogh 5 inches, i.e. of wood, 

M-ili be given by («=200 ft. /sec.) 

r= = 230= — 2x whence « = X33'3 ft./sec. 


40. Special ca-^es : — If the velocity at the beginning of the 
time is zero, we have t»=0, and the above formulae take the following 
simple forms: — 

It) v^ft; (it) (fa) P*=2/t. 


Erainple. A bnily ttarting fittm rest, Iravds ISO ft. in tkt Sth second. Cal- 
eulau tht acceleration wssswitnj; ft to be vnifarm. _ (P. V. 1950) 

Let space covered in 7 seconds and 8 seconds be respectively, B, end S . 

Here «=0. /^constant; S.-S,=I50 ft. 

S,-6',slS0.ft.=32/- ^ y, wheace,/=20 ft./»cc.' 

41. To calculate the Distance traversed in any particular 
Second s — 

The distance traversed in the »th 8cc. = thc distance traversed in 
n seconds - the distance traversed in («-l) seconds** 

{u(H-l)+^/(«-l)*}...from Eq. (2), =“+ ^”g~ ' " A 

42. General Hints: — lu working out problems, 

(»■) Set dou'e all the values of ihe given quantities and the 
symbol for the quantity required, and tlien consider which cquauon, 
out of those given above, connec.ts them. FVom this equadon, find 
the unknown quantity. 

[it) Remember that all die symbols involved in rhe_ above 
equations arc algebraic, i-c. they may represent either positiye or 
negtiiivs quantities. 


Examples (2) A hody h thrown up teitk a vetectfy of $3 feet per jecond. 
find 7ioic liiffh it will rise. 

The body will rise till its vdocity is ssro after which it begins to iali and 
its velocity becomes negative. 


Hero 1£=32 it./scc, ; v=0; /=y=accel. dm to gravily=— 32 ft,/soc.= ; s=* ’ 
Wo li.nvc v=b.«’+ 2/#, or, 0= (32)’+2 x ( -32) t; 


• i = ?£2<®=16. • The body will rise 16 it. 

2X32 

(2) A hndy travels 100 feel in the first two teronds and lOi feet in the next 
four second*. Eow far texH it mope tn tie next four seeands, if the acceleration 
.ts uniform ? 

Here « = 100 feet; t=2 secs.; u=?; /=» 


Wc have s=ut+ ", lCI0=2a4- ^/x4; or. «+/ = 50 ... (1) 

Jtolion daring the first «is seconds— 

« = 100+104=204 feet; f=6 see.; «=?; /= t 

S04=6!x+i^/X55; or, 204=6u+18/. W, 34=«+3y 
2 


(2) 
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I'rcm (1) »nd (2), /«-a lU/sec*. ii=S8 lt./*ee. 

Considering the motion darmg tk« total tima (10 secs )■ 

w=63 ft /lec. j *=.10 eec. ; 8 ft /ate *= ! 

«=ut+^(t.« i=S8xMJ-p ^(-S)XW=S£0-4C0=15t> feet 

Thas the disionte tto^elled va tho last foac aceonds 

=180-100-104= -2t ft, »e. It trarela 24 ft. in the opposite direction. 

43. Force : — A force ts that vhtch acting on a body changes or 
tends to change the stale of rest, or of tintform ntoUott, of the body. 

(a) Rtpresentatioa o! a Force 1^ a Straight Une. — Evctt force 
has a certain magntltidc and acts in a certain direction A force 
IS completely Jetjotm if we know lU (i) point cj app’ication, ie, the 
pairii at which the force acts; (n) dtreettoif, and (tti) titagntftide. 

All these can be represented by a suaiglu line provided that, 

(0 die line is drawn from the point of application of the force ; 

(t<) the line Is drawn poiniini; irt the direction of the force i 
^ ^iti) the length of the line ts proportional to the magnitude of 

(b) Equilibrium.— If'Aen two or more forces acting upon a body 
are so arranged that the body remains at rest, the forces are satd to 
be in equilibrium. 

If at ony point of a rigid body, two equal and opposite forces ore 
applied, they will h.'ivc no cflect on the equilibrium of the body , 
smilarly, two equal .lod opposite fotce^ actiiw; at a point in the body 
may be reraovea without disturbing (be equihbnutn of the body. 

44. Principle of Transitilssibiniy of Force : — A force acting 
at a point m a rigid body mav be considered to act at anv other point 
along its line of action prosidcrJ that the latter point is rigidly connected 
with the body. 

45. Composiiloti and Resointioo of Forces: — 

(a) Resultant and Components. — irftoti itto or more forces 

P, Q, S, etc act upon a ngij body and a single force R can be found 
whose whole effect upon the bmly ts the tame as that of the foreos, I', 

Q, S. etc., this single force R is catted the resultant of t)ie other 
forces and the forces P, Q, S, etc are called the comfiments of R. 
The ptofcss cf finding out the resultant is known as the composition 
of forces. 

(b) Resultant of Forces sdios along the same Straight Line. — 
IE two colluiear forces P, Q, act on a body in the same direction, tlieir 
resultant is the sum of the two forces. {P+0, acting in their common 
direction ol action 

1£ two colUnear forces P, <3= ®ct on a body io opposite directions. 

” “If resultam is equal to their difference and acts In ific direction 
in which the greater of the two forces acts. 
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(c) Resultant of two Forces acting at a point of a rigid 
Body in different Directions. — When two forces act simultaneously 
at a point of a rigid bo<?y in different dircciions, tlicir resultant can 
be obtained, both in magnitude and direction, by a law, known as the 
law of parallelogram of forces. This law b of utmost use in our 
sciences. 

46. The Law of Parallelogram of Forces : — If a particle is 
acted OIL simultnneausly by tsco forces, represented in ningniltide and 
direction by the two adjticcnl sides of a parallclograni drawn from a 
point, these forces arc ctfiiivalcnt to a single resultant force, represented 
in viagnilude and rfireettoH hy the diagonal of the parallelogram 
passing through the same point. 

Let the sides OA anti OR of die parallcloCTam OACB (Fig.’ S3) 
represent nvo forces P and Q in magnitude ana direction inclined at 
an acu.cc angle BOA and let the diagonal OC represent dicir rcsiilnint 
R in magnitude and diretiion. Produce OA to D, and drop CD 
perpendicular on OD. 

Let d-CAD. Then we have, 

0C= = (0/l+.i4D)»+DC* 

=0A‘JrAD=-i.20AADrlX.'= 

= 0A’‘-i-AC<‘ + 2QAAD f.- /lC-=/lO» + OC*) 

= 0A<‘JrAC<‘-i.‘lOA.AC. ros B (v AD = 

AC. cos 0). 

or, R»=P= + Q-+2PQ cos<? 

If d=5)0', R==P='+g^ (•.• cos 90' =.0). 

The direction of the resnhant is obtained as 

Let tlic resultant R make an angle a nidi one of the component 

, CD ^ CD Osine 

fern, say OA. Tl.c„, ,a„ gg - 5^5^= ' 

fioie . — If the angle P be obtuse, D falls betivecn O and A, but 
die expression for R- remains unaltered. 

47. Expetimeutal Verification: — Take a wooden board fitted 
with two tricuonicss pulleys {Fig. 33{«)j, and fix it vertically. 
Fasten a sheet of paper on the board. Take dircc sirings and knot 
them together in a point O, and to thdr ends attach three weights P 
(=3 lbs.), 0 ( = 4 lbs.), and R (=5 lbs.), any two of which are together 
greater than tlic third. Pass the two strings carrying the weights P 
and O over the pulleys and allow the third to hang vertically down- 
wards' with its weiglit R- Now the pi^t O b in equilibrium under 
the action of these three forces. 

Vol. 1—4 
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Mark on tlie paper, by means of your pencil point, jhe diiecticui 
of the forces, and, taking a 
convenient scale, say. an 
inch per pound-weight, mea- 
sure off along OK ami OH, 
lengths OA and OB, con- 
taining 3 and 4 units to re- 
present P and Q rcspectitcly. 
Complete the parallelogram 
OACB and join OC. It will 
be observed that. (0 the dia- 
gonal OC is \crtical, and that 
(«) on is in the same 
straight line with OR, and 
contains K units (/.p. 5 units) 
of length In the same scale. 

CoBclu$ion.>~-The knot O is in eouilibnum under the action oE 
three forces P, Q, and R. ^ ihe resultant of P and Q Is equal and 
^posite to the force R 4t.e. 5 lbs.), acting vertically upivacas. But 
OC is vertical and it contains R units <'c. 6 units) of length There- 
fore OC represents the resulMot in m.ignitude and direction of the 
farces P and Q represent^ by OA and OB respeaivcly Tius proves 
(he law of parallclogiant of forces. 

N.B. (») The 'downward force R represented by OR at 0, 
which IS equal and opposite to the rcsiilcaiu of the forces represented 
by OA and OB and to which the sysiens w kep; u\ equUsbriwtn, is 
called the cquilibmat ot those two forces. 

(»■) The above experiment mil be found to be true whateier 
he the lelatiTC Tnagnitndes of 1’, Q, and fl, provided that any one of 
them is not greater tliaii tlie sum of the ocher two 

48. lllustratlvus;— (>) If fl boat O is pulled by n.o tugs in two 
diSteient directions, and the forces exerted 
on tht ttie;s are represented, in magnitude 
iuid direction, by lv\o lines, OA and On 
respecutely [Fig. 33(1')], then the boat, 
instead of movinginthe daccUon of eitber 
of the forces OA or OB, will move along 
OD, the diagonal of the paraBelogiam cons* 
tructed nlth OA tmd OB as adiacenC sides. 

OD represents the resultant ot those t«o 
forces. 

(it) If a man walks across the floor of a compartment of a 
lailway train with a velocity r^irescated by OA [Fig. S3(l>)) while 
the train itself is running with a velocity OB, the reiult.iiit velocity 
0£> of the man can be obt^ed graplwally in she same way. 


O 







EQUIUBRIIBI OF FORCES ACONG UPON A PARTICLE 
49, Triangle of Forces:— // three forces acting at a point be 
represented in and direction by the sides of a triangle 

taken in order, they teiU he in equilibrium. 

[N.B. The forces here act at a point and not along the sides of 
the triangle. They are only rc|wesented in magnitude and direction 
by the sides of a triangle taken in order', the ikst expression means 
that the direction of the forces must he taken the same way round, 
ie. they must go round thcrideof a triaogleail in the same directions, 
either clockwise or anti-clockwise.J 
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Suppose the forces P, Q, and R, acting at O are such that they 
can be represented botli in raagntcude and direction by the sides 
AB, DC. and CA respectively of tlte triangle ABC (Fig, S4) ; the 
theorem states that they shall 6c in equilibrium. 

Proof, — Complete the parallelogram A6CD. BC and AD being 
equal and paralfel, the forces represented by BC and AD are the 
same. By die parallelogram of forces, the resultant of the forces AB 
and AD is represented by AC, both in magnitude and direction. 
Hence the resultant of the forces AB, BC and CA is equal to the 
resultant of forces AC and CA and is thus zero, Hence die forces 
P, Q, .and R, arc In equilibrium. 

(a) ConTcrse of the Triangle of Forces. — The converse of the 
triangle of forces is also true. This can be stated as follows: "If 
three forces acting at a point be hi egiiiftbriwn, the}’ can be repre- 
sented in magnitude and direction by the three sides of a triangle 
taken in order.” 

[N.B. The corresponding rides of the triangle representing die 
forces (which u'ill he proportional to the respeedve forces) may be 
drawn parallel to the tespectiv-e forces or respectively perpendicular 
to them or at any equal angles with them, taken die same way round. 
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(b) ICxperimcntal Proof. — On tlic same -shcei of paper used 
lor the cxpcTimcrual ttrtCtaUon of ilie law □£ parallelogram of 
forces (Fig, 33(ffJ] dxww a liije parallel to ihe force P and from ilus, 
measure ti(I a length ab lo represent, to a contenient scale, the 
TnagniiuJe of P. FVom l> draiv be parallel to the force and make 
Its length represent, to the same scale, the magnitude of R. In 
tills way draw from C another lute parallel to the force Q and 
containing Q units of length If the whole woih is accurately done, 
the end of the last line will coincide nuh Uic starting point a, and 
this line closes the triangle abc. hlorL. by means of arrowheads, the 
directions of the forces on the sidca ol the triangle, and it will 
be found that the arrows go round the sides of tlic triangle in 
order. 


(c) Practical ProbUm : A Ilnnglng Piciure.— In Fig. 35 a 
lecture IS suspended by the same siting vlCU from a natl C round 
which the string passes It is in 
equilibrium under tlic action of the 
following forces' hi the weichi W of 
the piciurc. (ill the tension 7\ of the 
string along AC, and (lUj the tendon 
T, along BC As the same chord 
passes round C, The tvfc IF of 

the picture acu tertically downwards 
through she centre of grmity ol the 

f iciutc which IS tcrtically below C, i e 
I' pas>cs through C. The three forces 
thcrtiorc. intci in the point C, and 
are, moreoter, in equilibrium So. 
by the principle- of ihc comerse of the tti.angle of Inrcw, draw three 
lines ub, be and ca representing in direction and ■magnitude the three 
forces IF, T,, and 7*, rcspcciisriy pt may lie noted that if the saluo 
of H’ is known, the tallies of T, ."ind T.„ which .ire equal, .and which 
are represenicd by the lengilis be aniT to, are also known, berause 
they ate drawn to the same scale.] 



Fig 3S— A llanjfina Pirture 


If the string is shortened as shown by the dotted hue ANR, it 
will be seen, by applying the same prtndplc, that tensions T, and T, 
of the string now will be Tcprcscnled by the sides lie, and c,n which 
will be greater than be .and ca respccuscly That in. the tensions arc 
increased It is dear from this that if ifte Uniig is s/iortenrj rot> 
nweb, it is likely to break 


50. I.3tni’s Theorem; — If three forces acting at a -point be in 
equilibrium, thru ra,-k is ptoportiojtal to the sine of the angle 
belzi'em the other ra-o. 
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Suppose ihe three forces P, Q, and R acting at 0 
'equilibrium (Fig, 86). llien a«»iding to this , 
theorem, 


’ (Q, «) ' 


. {R, P) sin (P, Q) 


The converse q£ the Lami’s thcoretn is 
also true. That is, if three forces acting at 
a fioiiit ha siic/i that each is proportional to 

the sine of the . 
eqtiilihrium. 



SI. Polygon o£ Forces: — If any number of forces, aeihig at 
a point, be such that they can be represented, in niaguitude and 
direction, ^ the sides of a closed polygon, taken in order, they shall 
be in equilibnutn. 


Suppose the forces P, Q, R, S, and T acrinc at a point 0 are 
such that they can be respectively represented, both in magnitude and 
direction, by the sides AB, DU, CD, DE, and EA of the closed 



Fig. SI 


polygon ABCDEA (Fig. 87). Then tlie forces P, Q, R, S, and T 
shall be in equilibrium. 

Join AC and AD. The resultant of forces AB and BC is, by the 
Inu- of parallelogram of forces, ^ven by AC. Similarly, the resultant 
of AC and CD, by AD, die resultaiit of AD and DE, by AE. Hence 
the resultant of all the forces is equal to the rcsiikaiit of AE and 
EA, i.e. tile rc.sultant vanishes. In other ivords, tlic forces will be in 
equilibrium. Tlie above construction applies to any number of forces. 

The coni'crsc of the poison of forces is not true. 

52. Rcsohdioii of Forces; — Wc have seen above that two 
forces acting at a jx)int in dilferent directions can be compounded by 
the parallelogram law into a single resultant force. Coni'crscly, a 
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Slagle force acting ai a ptnm ran be resolved into t«o components by 
constructing a paiallelogiam Tilth the uiven single force as diagonal 
when the two c^jaecni sides of jhc parallelogram meeting at the jxjint 
of applicadon of the single given force give jhc mo components of it. 
But as an infinite number of parallelograms can be drawn with a given 
diagonal, an infinite number of pairs of 
romponeiiLs can be obtained unless the 
directions of the components arc specified, 

S3, Coniponnits of a single Force 
In iim assigned Directions >— Suppose P 
IS a ^ven single force acting at O along 
OC ^g. 38). Its components along the 
two ass^ned directions OA and OB ivlH 
be given hr the jtlj.tcent .siiies OM and 
OATof the parallelogram OMCN. If P 
makes an angle a with OA ond>3 Vriih OB, 
P s»n >9 P sin a 



54. Re«ol(ittoa of a Foice into two Components at Right 
ABgl«5 to each other t—TKis is tn ptacticc the most Lmpoitaat 
case of the resolution of a force into two components. 

Suppose OC (Pig SO) repre.sents a force P to be lesohed into two 
components one of which is. suppose, in the direction QA making an 



angle a wIiIi OC and the other is perpendicular to OA. In both the 
above figures, the adjacent sides OiU and ON of the patalJelogram 
OMCN give the desired components, of which 

03f = P cos •. and OW « P sin «. 

55. Resolved part of a ^veis Force in a given Direction 
The resolved pact of a giTcn force P in a fpven direction OA is 
he compoDcnt O.M in the g^ven Section winch together with a 
imponent OiV in a directitai at fight angles to the given direction is 
,juivalent to the given force (Fig. fO). 'Tljus, the resolved jvait of P 
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along OA=OM=P cos a, it is obtained bj multiplying the given 
force by the cosine of jhe ai^Ie between the given force and the given 
direction. 

The resolved part of a ghen force in a groen direction represents 
the whole effect of the force in the gfom direction. It follows, there- 
fore, tliat a force cannot produce any effect in a direction perpendi- 
cular to its own line of action, for die resolved part (P cos «) of the 
force P in a direction perpendicular to its own line of action is zero, 
a being equal to 90“. 



Fig. 40 


56. To find the resultant of a Nomber of Coplanar Forces 
ac ting at a point: — Let Pj, P^, P, denote several coplanar forces 
acting at any point 0 (Fig. 40). Take any 
direction Oii in the plane of the forces, 
and draw OY, perpendicular to OK. 

Resolve each force into wo compo- 
nents, one along the direction OX, and 
the other along OV. 

Let the components of P„ P., etc., 
along OX be Aj, Xg, etc., and compo- 
nents along OY be Fj, Y., etc. 

Now, if X he the resultant of all the 
forces along OX, 

X=X^+Xi+X, + 

Similarly, if Y be ibe resultant of all die forces along OY, 

Y=Y, + Y^i.Y, + 

The whole system of forces is then reduced to two forces, X and 
y ; and, it R be the resultant and if the resultant R makes an angle 
a, say, witli the direction of X,R cos«=A, and R sin «=F; by 
squaring and adding we have, 

=X- + y-^{X^ +X.+X, + ,)» -I- (F, +Ka-b F, + }», 

Also, tan a=F/A'. 

57. Conditions of Equiiibriaia of any Nomber of Forces 
acting at a point: — If two forces acting 
at a point are ia equilibrium, they must be 
equal and opposite. If any number of 
forces P,, P„ P„ P^y etc. acting at a 
point O {Pig- 41) he in equilibrium, then, 
according to Art. 56, 

JR»=X*-^F*=0, where R is the resul- 
tant of the forces, and X, Y are the algeb- 
Fig. 41 raic sum of the resolved parts of the 

forces in the two mutually perp. directions OX and OF. Noiv the 
sum of the squares of tun quantities X, F cannot be zero unless 
each is separately zero ; 

X=0. andF=0. 
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Then, the necessary condiuons for the equilibrium of concurrent 
forces may be obtained as folkms: — 

(1) Square to *ero the algebraic sum of the rcsohccl parts of 
all the forces in some fixctJ rbrection. 

(2) fjquarc- to zero Uic algebraic sum of the rcsolsed parts 
of all the forces iii a ilircwion perpcntiicular to tlie former. 

nie abosc two conditions arc necessary jtid caa also be shown 
to be just suRident. Convctsel}, if the algebraic sum of ilie rc'oWccl 
parts of all the. forces in two mutually pcrttctiduular thmiioa* be each 
scparaitly aero, the forces acting at the point shall Lc in cquilibuum. 

5S. Some Praelical Pniblems > 

(i) IVIiy it is easier (o pull a La»n«rolIer on soft I'urf than 
to push i(.— M'litn ff>Uin^ ilic roller bi the bautllf, die force 
OA (Kg 42). rcprevcnting ihe force c^crtt<i by the hantl. ninv ho 
rcsolted into two components, one OH. acting horirontaily. t« iITlc- 
tiie m pulling the roller, and the other uC, vhitli is vertically 
upwards, acts in a direction op|>oc((c to ilic ueialit of the roller, and 
thus reduces the pressure cKcried on the ground, and so the normal 
reaction Coisscquently, the force 
of (ntiion (been OCR roller tind 
turf) opposing the motion is also 
reduced (tii/r CliajiitT VIl] nml 
II becomes easier to pull ilic 
roller 

When fusUing the roller, the 
,,y/;/ ' A Z7 force 0,cl, IS rcsohcd into ttvo 

f,g 42 component* 0,5, and 0,C, of 

ninth 0,5, I* cfTectiro m 
pushing tlic roller fornard and 0,C,. acting donnnarcls, fields to the 
weight of the roller, and so mcrcases ns pressure on the ground. 
Consequently, the force of fiiciimi (bctnccii roller nncl tiirfl opposing 
the motion is also increased and it bccoiiies mure difficult to move 
the roller fotward 
' (ii) The sailing of a boat 
repre'cnt the sail ami Jet the 
force due ro the nincl lx? icpic“ 
seated 111 ciircction and magnitude 
by H7C. Kesohe the force fl'K 
in two coriponcnts, one LK. 
parallel lo, and the oilier NK 
jx?rpendiculai to the surface of 
the sail (Fig 43). 

Tlie force LK acting along 
the surface of the sail is ineffeenve 
and the efftetiv c componeni of the wind pressure is ineasureil by A’K. 

Now rc'oUc A’fc into AIK along, and DK perpcmbcular to, the 
Icngtli All of the boat. 'ITie component AIK (irucs the Lo.it forward 
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wiilc the componeat DK lends to make the boat move at right angles 
IQ its length, te. sideways. 

It should be noted, however, that die component DK moves tlie 
boat very slowly at right angles to its lengdi, ihe resistance to motion 
in that direction being very great. A j . 

rudder is usually applied at A to neu- . c ^ 

tralise this component. if 

(iii) The Effective Pressure of the 11^ 

Foot on a Bicycle Crank. — In cycling. ( ) 

the effect of the pressure applied by the \ 

foot on tlic crank changes according to the \ 

position of the crank. In fig. 44 when \ 

the pressure of the foot is applied ver* \ >A 

ticalfy downwards, with a force represent- \ y' 

cd by OC, tlje component OB of it along C 

the crank is lost, and the component OA, 44 

acting perpendicularly to the crank, is 

only effective in driving the cycle. It is evident that when the 
pressure of the foot acts perpendicularly to the crank, the pedalling 
bccome.s most effective because in ihaf position no component o'! 
it is lost. 


(ir) Fiying of a Kite.— Let dC be the surface of the kite 
[Fie. 45(a)J. Though the wind pressure acis on all pans on the under- 
surface of tlie flying kiic, the total effect of it may be taken to be 
equivalent to a .single force CO acting at a point 0. The force CO 
may be resolved into two components, one OD acting along the 
surface, and the other 0£ aaing at right angles to it. For the 



[0) 

Fig. 45 


( 6 ) 


steadiness of the kite, OD is not effective, and tlie component OE is 
die effecEivc part of the wind pressure. Besides the force OE due fo 
the wind pressure, there are two other forces, the tension T (repre- 
sented by OT) of the string, and the weight IF (represented hy ON) 
of the kite acting vertically downwards [Kig. 45(h)J. The kite is in 
equilibrium under tiic action of these three forcc.s. For tlie kite to 
he aj rest, OE must be equal and o^oHte to the resultant of OT, and 
ON, iihich is represented by OR. If OE increases, the kite «iU 
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rise until OR is C(]u.-il and oppo»itc to OE. Tlie weight Jf' 

being constant, OR may tnerease due lo any increase iti the tension 
T. Again svbeti the kite rises, the angle bettiecn T and 11' becomes 
less, and due to this also, their resultant OR may increase. Similarly, 
when the wind pressure decreases, the kite will fall V/hrn the 
magnitude or direction of the vitntl pressure suddenly changes, the 
kite moves iriegolaily, hot ibis is dirainistied by attaching a tail to 
the kite, ivhith under the action of wind pressure, checks the sudden 
irregular movements. 

(t) Flying of no Aeraplane. — It is seen, in the case of the 
flying of a kite, that nind pressure is an absolute factor. For this 
reason, when, at startinc. the kite is near the ground, where there may 
be 1 ety h«(c wmd, the hoy trying to fly the kite has gnt to run fast by 
holding the sirinu ntis pr«uce» sulllctcnt vvinJ ptessuie upon tlir 
suiface, due to wnich the kite may rise lo a tonnderable height where 
there may be suffieicnt air ctirrcnt and the running may no longer be 
necessary. The faster the running the better the flight. In other 
words, there muse be suflictcnt wind pressure on the surface of the 
kite to make it rJ.ie to a considerable height into the air. Tills may be 
obtained by die irovemem of the air or the moiement of the kite 

If the siring of a flying kite breaks, the equilibrium of the forces Is 
destroyed, and the kite either trembles, or glides down to earth back- 
wards. If It ucte pouible 
to attach to the kite just at 
the morutni of luptuie, a 
weightiest engine anti pro- 
pciier, exeriing a ,puU equal 
to the tension of the string, 
the kite would remain sta- 
tionary. Qesides this, if the 
wind prcsiurc drops sud- 
denly .ind the engine gi‘es 
the kite a motion in a smta- 
hte tlircction so as to pro- 
duce tiie wind ptessuic equivairnt to ilic original one, the Vite will 
again be stationary. If the magnitude of this wind pressiiie be 
increased by faster motion of the engine, the coitiponent 0£ (Fig 4G> 
nil! increase and the kite wiU move forward, and act as an aerojilane. 
i p. a self-supporting beaTier«fban*air machine. The boy, running 
with his kite in order fp produce a siifficienr wind pressure on the 
surface of the kite, resemble* very closely an aeroplane in ivhich an 
engine and propeller take the place of the boy, and like the action 
of the boy, the action of the engine and propeller produces siifBciene 
wind pressure on the wings of the aeroplane. 

An aeroplane roust ha>e a uuninwtn velocitv of CO miles an hour 
■ • order to maintain its flight in the air, and if, any how, this speed 
be lost the machine cannot be contrtflltd and the jcnirncy hetotne* 
highly dangerous. 
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Lee AB represeni the surface of the main wing of an aeroplane 
and OE the total wind pressure acting at O (Fig. 46). OE may be 
resolved into two components, one OC aedng horizontally and the 
otlier OD acting vertically upwards. Besides these two component 
forces, the weight W of the aeroj^ane acts vertically downwards at 
the centre of gravity of tho 
aeroplane. At the time of 
starting, die engine makes the 
propeller rotate, swiftly due to 
the action of which the aero- 
plane runs forward on the 
ground, and, when tlic speed 
of the aeroplane becomes rajnd 
enough to make tlie vertical 
component of the wind pres- 
sure, namely OD (Fig. 46), 
slightiy greater than the weight 
W, the aeroplane leaves the 
ground and rises. Tlie forward motion of die aeroplane, besides 
creating wind pressure on its wings, as described above, also over- 
comes the horizontal component OC. 

Now the action of the two forces OD and W [Fig. 46) would 
tend to turn the wing into a vertical position to prevent which there 
is a tail-plane ab, like the tail of the kite. The wind pressure acting 
on the tail-plane, the angle of which is controlled by the pilof, keeps 
the inclination of the wing constant. 

The movable parts of the tail of the aeroplane modify the wind 
pressure so that the machine can ascend or descend according to the 
will of the pilot. The pilot also controls the rudder (Jig. 47) which 
is attached to the tail, and which works tataedy like the rudder of 
a boat. 

59. Composition of Velocities and Accelerations : — The parallelo- 
gram law of finding the resultant as explained in Art. 46 in con- 
nection with ywo forces acting at a point, 
applies equally also to the case of a moving 
point having tivo simultaneous velocities or 
accelerations. Hence, if a moving point has 
two velocities or accelerations given by u and v 
inclined at an angle $ and if w be their resul- 
tanr pas.ting through die same point inclined 
at an angle « with die direction of u, then 
... (1), and, 

... (2). 

Example. The irtind blotes from a mini intermediate beUccen north and 
east. The southerly component of veloeity it B w.p.ti. and the westerly 
component is 13 m-v.li. ITftot u tlie veloeftw witA «hieh the wind bltnvs ? 

(C. XT. Del. 




Z' 
y' 

Eg. 47— An Aeroplane. 
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fiirf« Art 59) Use the eeBation, *r«=:»*+r*+2<«' cos 0. whef® >« = 5, r = 12, 
^'=90®, w= ’ The reliK-iljr of ihe wind, vtz 4/ (S' 4-12') = 13 in j) h 

60. Kesolufion of Vefocity or Acceleration t— The principle of 
rcfoliition ns explained Jn the ease of a foece in Arts 53 anti 54, 
aloii^ any (wo assigned dircoiiuns and two inutnally pcip Uireitions, 
applies ivhoUy also to the case of \cIociiy 
or acceleration. 

61. Triangle nf Velocities t— If 
nioaing point possesses simultMicoiisiy 
vclticiurs reprcsenlKl by ibc two mies, 
AB and BC of a mangle taken in order, 
^‘S they ore- cqnitaicnt 10 a atloniy gnert 

t magmniile and dirmion by AC |F^ 49;. 


62. Toljgon of Veloeities:— If 3 OKnin)' point pnxesso simul" 
tjneoiisly leCijcmts mitcscnied by Uic std«s Ali, 

BC, CD and Oh. 01 a poKgon. the tcsuliant 
tclociw will be gv\«n by A£ (Fig 50) 

63. Relative Velocfty t—Thc vrioeity of a 
body i* usually given with tespert to some obpn 
vvlucii may be icgaidtil ns 6xcU. For example, 
the vcloaiy of a body on or near the eaiib’s 
surface is usually given with respect to some 
object fixed on the earth But somciimes u 
becomes neccssniy to know the velocity of one* 
body niih lesueut 10 antnbn when both of them are in motion Such 
velocity is called relative velocity and may be stated as follows: — 

JiVieri Ilia distance Oetvecn ttcO todies is oitertng, ettlier in dim- 
iton or m tnagniludc or in both, then cither body u said tn have a 
scloaty reUttite to the other , the refettare i-etocily of one body D mlh 
resfirct to a seiond body A is obtmned by comfnundin^ vtili the velo- 
city of B a velotuy xi-h'ch fs equal and opposite to that of A 

When those two bodies (A, B) are travelling in the same direction 
with uiufotm velocities u and v respecmcly. the vetoatv of B relative 
to A IS thus (u— w); and so the rclaivvc velocity will be rcto when 
they travel with <x]Ual velocity. If they arc travelling in opposite 
directions the relative velotnY is t*— ( — i*). *e (f+u) 
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A 

5 C 

Fig- 51 


If two bodies do not move on parallel 
lines but on lines inclined to each other, pro* 
cted as follows* — 

Let jhe first body A move along OC with 
a velocity »i whilst the bceond body along 0,D 
at an angle 9 to OC with a velocity o (n<>. 51! 
Resolve t' paratlcl to OC and perpendicular to 
OC, the resolved parts being respectively v cos 9 
and V %m9 So avccrtiing to dcfiniCKin, the 
velocity of B rclauvc }i> A, U (y tos ff— «) 
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parallel to OC, and (v sin ff— 0) perpendicular to OC, for ii has nc 
component in that direction. Tlius, tlie velocity of B relative to A 
has, in this case, two components (w cos 0—«), parallel to OC and t 
sin 0. perpendicular to OC. The 
resiBltant of these two compo- 
nents gh'cs tiic velocity of B 
relative to A. 

Example. A sAip steams due 

c'fjit at .t /LiioU* and aaothee due narth 
at 22 Iannis. Pind the «?e/ocity of 
the. first ship re/ulite to the tecoitd. 

Ill tills case flic observer is in the w 
second ship and ko the relaliv® veJo- 
city 7? is oiiUincd by coniopondinc 
tJjo vclocitj- of tlio first ^ip, ».«. 8 
Knots due cist wiUi a velocity eqnal 
Mid opposiio lo Uial of tins second, 
i.e. 12 Knots d«c south (Fiij. 82 ). 

+ l&ots-lS 

lOioie. 

This relsUve velocity is inclined 

■■ B^Io 0 pven by. 


i»':swipfs>rwot3j-»:. 


Momeots 

64. Moment o£ Mars : — Tlic moment of a mass ahouf a given 
point or plane i.s the product of the mass and the distance or ihe 
mass from the point (or plane). 

Ccnlce of Mass. — The centre ot mass of u given iiody or a 
system of bodies rigidly connected togeihcr, is a point such c^at if a 
plane is passed through it, the ui<7ii-iuf»Hetifs (moments of masses) 
on one side of the plane is equal to the mass-moments on tlie other 
side. The cenne of mass of all regularly sliaped bodies lies ac their 
geometrical centres. 


65. Moment of a Force airont a given Point;— The moment 
of a force alxiut a given point is the product of the force and the 
length of the perpendicular drawn from the given point upon the 
line of action of the force. The length of die perpendicular dratvn 
from the given point upon the line of action of the force is called the 
arm- of the momeni. The moment, tlicreforc. never vanishes unless 
(<7) cither the force vanishes, or (&) the ann of tlic moment is zero, 
i.e, tlie line of action of the force passes through the point about 
wiiich the moment is taken. 


66. Effect of a Force appKed to a Body From Newton’s 
first law of itioiioti it follows that the effect of a force acting on a 
body is to make it move if it is at rest, or change its raodou if it is 
already in uniform motion. Now motioa may be either transiatory 
or rotatory. The question then arises whether a force externally 

* Knot = .1 Sliced of 1 eca-mile per Iioar. A sea-miia is that nre o£ tlie earth's 
suffaco which makes an angle of 1 minuto at the oaTth's r.rnlre. The British 
Admiralty counts this distance lo be 60^ feet. 
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impressed on a body will produce translacory or rotaiory motion or 
both. Tlie naiure ol the resulting motion depends on the fosilton or 
point of opphcatiQti of the force to the body and on the condtUan tn 
tehtcit the body is ^eced. J£ the body is free and the Itacof action o£ 
the force passes through the centre o£ nass o£ tlie body, the tesuliitig 
motion will he transtatory. 1 £ the hoc of action of the force <ioes 
not pass through the centre oE mass «£ the body, the force produces 
uanslation of the body accompanied by rotation 

To illustrate this last potnt, let us consider a plane lamina (a 

^ ^ body small thsekness, c.g a piece of sheet-tin) 

ssbose centte of mass, suppose, is at C (Fig. CS) 

/ p» Let a foxce P act on the body in the ditection 

I * T I shown in the figure and CIV be ilie perpendicular 

I Q In I drawn from C upon the lire of action ol P. To 

\ j \ find the cHect ol P upon the body, nnagme two 

PiT y Z' *'l**^i opposite forcet P,. P, actinc in the 
same line appbed at iSe point C, each being 
Fig S3 equal to P aiwl parallel to the line of action of P 

These toy self-iieuiralUiiig forces P„ P, elo not 
in any svay ulcer the condioons under uhidi P was applied, acting 
along CP,, causes eranilaciOB of the bode in ji» oun direction, whereat 
P and together rotate the hotly in an ojjh-eJoeia’i'Je /«r?iio/i,* So 
in considering the elTevi ol a force u|>on u bodv, not only the magni- 
tude and direction of the force are imponani. as pointed out by 
Kesv ton’s second law of mocioo. but the posthon or point of epplies' 
firm of the force Ui t)ie body is also UaporMnt, 

(a) Physical Meaning of the Moment of n Force about a Polut 
or Ax{s.-—If a body is resiramed or fixed at a ghen potnt of it or 
.nbout .1 line, no tr.irslaiory motion of |h« body 
is possible Let tlic ptuie lamina shown in 
Fig. 54, resting on a smooth table and fi'ced at / 
the point O by means of a nail or hinge, represent / / y/1 

such .T body | \ 

The c/Tecr of a force P acting on the body as I i \ 

shown in the figure would be to cau'e it to turn I -L . , y 

about the point O as cenire and this effect would \ ^ F ^ 

noi be aero unless (1) the force P were zero, or (li) V— 
the force P passed through O, when O.V would be Pij 54 

zero. The magnitude of the totalog effect, or 
moment, will depend on (<i) the magoitude of P. and (fr) the length of 
the perpendicular OIV drawn Crom O upon the line of action of P. 
"Fite turning action will be piopotdooal to P, when the arm O.V is 
• ' and piopotiional to the anu ON when P « constant and «o 

•jit.TTn.'nA'itrci'fiit OJf Ainot* itom O vptya VffA tA P. 

>ut O, and is taken as a fit measutie of the tendency of P to turn 
Uie bodv about O. Tlie moment is abo called torque. 




STATICS AMO DYNAMICS 


63 


(b) Positive and Native Moments. — Tlie moment of a force 
about a point or axis is a vector quantity. In Fig, 54, the moment 
of the force P about O, represents a turning effect tending to rotate 
the body about O in an and-clodcTrise airecdon. Such anti-clock- 
wise (or contra-clockwisc) moments are, by convendon, called 
positive moments. The moment of P" about the same point O is 
such Hint it tends to rotate the body in the clockwise direction. Such 
a moment tending to cause docikmsc turning effect is called a 
■negative moment. 

(c) Algebraic Sum of Moments. — The algebraic sum of .the 
moments of a set of forces about a given point is the sum of the 
moments of the forces, eadi moment being given its proper sign, 
positive or negative, as defined above, prefixed to it. 

67. Principle of Moments: — If some forces in one plane 
acting on a rigid body_ have a resultant, the algebraic sum of their 
moments about any point in tlteir plane is equal to the moment of 
their resultant. If the body is at rest under the acdon of several 
forces in the same plane, the algebraic sum of the moments of 
lui'ces about any point in their plane is 2ero. Tliat is, the sum of 
the contra-clockwise moments is equal ‘to the sum of the clockwise 
moments. 

6S. Moment of Inertia (or Rotational Inertia) : — Tlie part 
played by tlie ntass of a body in linear motion is played by the 
moment of inertia of the body in rotational motion. In studying 
rotational motion, the moment of inertia and the angular velocity are 
to bo used corresponding to mass and Uncar velocity in oranslatory 
motion. 

69. Kinetic Energy of a Rotating Particle: — Consider a 

particle of mass m (Fig. 55) rotating ahou.t O 
as axis in a circle of radius r with a constant 
angular speed ». Its K’.E.=ifnx(Knear velo- 
city)^ at any iiistant=^OTx(tw)*=Jmr*w’. If 
mr^ = I, we have K.E.= J/a>®. The quantities 
1 and w in rotadonii! motion Unis play the same 
part as mass {ni) and velocity ^t») in linear 
motion. The quantity I {=-ntr^ is called the 
moment of inertia of the parade of mass ni 
about the axis O, the distance of the partidc 
from O being r. _ l^ig- 65 

70. Moment of Inertia of a body about an Axis : — Consider a 
body EFG rotating round the fixed axis AB with constant angular 
velocity w (Fig. .56). The body may be supposed to be built 
up of innumerable panicles of masses, m,, m,, m,, etc. Let 
them be distant r,, r,, r, etc. respectively from tlie axis AB. But 
each of these particles has the same angular^ velocity w, though 
their linear TClodties will vary dependinfi. on their distances from the 
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axis Kinetic energy ol tbc body will be ctjual to the sum of 
^ the kinetic energies of these particles. 

KE-^KE. of of i!t.+ 

S/TXi: fC E of m,H- * 

/ »WS\ =l»«,(aT,V + it;i5(uTs)» 

ri'/mj ) 

^ \ Tile siimmaiion nithin the second Lratket 

>s iisu.illy wuttcii as S »«»•’. 

G /I£‘.sr4 S ”1'* xw* The quanucy S tnr’ 

B IS called the tnoment of inertia of the body 

j. and u the sunvtotal effect of the product of 

® the mass of each jwrtirle ami the sqiinip of its 

flistance from the axis of loution- TTtat is /»JT7i|r,'+r77.r,‘^. 

[XE-ix/ (moment of inertia) xtf* (sq of jogular velocity)] 
Angular MomcBtum 


= "‘ifr,* » y 

or. (m,r, ytoir, + (m jT, xu-jr^t- 
a (r>»,v,)r, s(m,f.w,+- 

* *«ni of the momems of the lincat momenta 
erf the nariKlrs eoiutiruiing the hotie. 

= Momeat of Monitmtum. 

71. The Radius of G^tiKion ff the whole mass M of a 
body (Fig 0(31 be supposed to be concentrated at a point eucii that 
the KE of thts concentrated mass mating about an axis AB i' 
equal to K.E. of die body with disutlruted mass rot.iting about the 
satao axi* AB, then the distance K of this coiaentrai(.iI mass A/ 
from the axis of rotation is called the radius of gyrauon of the body 
about the axis Thus, 

-r r7»,r,*.r-r7»jr,^+f7i>jr,*+ s=AfK'. where K is the radius of 
gyration of die body 

72. Parallel Forces ; — Forcer whotc lines of artinn arc parallei 
axe called farclUl forces. They arc said to be like parallel form 
ivhcn they act in the same direction and arc said to he unike parallel 
forces when they aci in opposite directions. 

RIJLE.S FOR PARALLEL, FORCES ACIVi'G UPON A RIGID BODY 
(a) Like Parallel farces. — They alirg^’s have a n-suliant Tlie 
dirceiion of the resultant ii p.irallel fo the direction of the forces. To 
find the magnitude and the point of application of the resultant of 
two like parallel fortes, say, P and Q (Fig ST), .it any distance apart, 
’ >w any line AB perpendicular to the lines of action of the forces. 

S cn die resultant force R will sKt through C on rIS such tliai 
xAC=q-,iCB; 
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Q 


or. AC-. 


is, rbe potot C divides the line AB infernally 
: ratio of the forces. 

_4C Q 

AC+CB ~ Q^ P’ Ap ? -,B 

AC Q_ 

AB ~ Q+P • 

gfp X.1B ... (11 


tR 

Kig. 57 


Equation (1) gives ihe potitioit of C 
when P, Q and AB arc known. The 

magnitude o£ i?=P+Q (2). TTiis resultant R and a third like 

force may he combined as above and a new resultant may be deter- 
mined. Proceeding in this way, the ultimate resultant for any number 
of like parallel forces may be found both in magnitude an(i f ‘ ' 
of action. 


i position 


Fig. 5a 


(b) Unlike parallel forces. — If two unlike parallel forces are 
unequal, they have a resultant force. ITic case of two unlike and 
eqxMl parallel forces is discussed after- 
wards under the couple. 

Draw any line .413 (Pig. 6B) perp, to 
the lines of action of the unlike parallel 
forces P and Q, (P>Q). and produce it 
u> C such that CA.P=Cb.Q (1). 

I j That is, C divides tlie line AB externally 

in the inverse ratio of the forces. The 
point C gives die position tiirough which 
Q the rcsiQtant force acts, its direction 
** , being the same as that of the greater 
force P, and the magnitude R=P~Q 
(2). 

73. TTic Couple ; — The equal unlike parallel forces, whose lines 
of action are not the same, form a cotipfe. The per- 
pendicular distance between the Uncs of action of the 
two forces forming a couple is called the aim of the 
couple. Tlie liiomeut of a couple is die product of one 
<j£ the t'vo forces forming the couple and the arm 
of the couple. A couple acting on a body exerts a 
turning effect oh it and the moment of the couple, 
known also as torque, measures this turning effect. 

An anti-clockivise moment is conventionally taken ns 
posiui-e and a clockwise moment as negative. Thus in 
Fig. 59, the couple (P, P) hating arm AB tends to pro- 
duce rotation of a body, in the dockwisc direction and 
thus illustrates a negative couple. Couple. 

Vol. 1—5 
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74. T^«)Telns on Couples: — nie algebraic sum of tlic moments 
of Ilie t«o forces forming a Couple abour any point in their plane i« 
constant and equal to the monjcnt of die coopk. TUc etfcoc of a 
couple on a rigid body is nnaltere^ if ic be transferred to any plane 
patallcl tf> Its own, the Mm Ttrnaming parallel to its original direction 
Any number of couples in the same plane acting upon a rigid body are 
iqimaknt to a single couple sshosc moment is equal to the algebraic 
sum of the moments of the couples A tingle forte and a couple acting 
in the same plane upon a rigid body cannot produce equilibrium Tn 
hnlnnce a caufie, a couple of caual tJn/t oppos'lc niomcni ac/iiig in 
the sutne plane or in a ^ralttl fianr is necessary 


75. Aciioii upon a Rigid Body 

fi) CiTjc 0/ three Coplaiiar forces protineing equihbrwm — 
If three forces, acting jn one plane upon a rigid body, be such ns to 
Veen 11 in equilihriurn, thev must cither pas* through a cnmrnon pcwni 
or lie p.TMlIel 

(«! t.'ose of otty uwinter of Cofl<tn<ir /orccs— Anv mKin «C 
rorct's iicting in one plane upon a rigid iwdv can bo reduced 10 either 
a single force or a single couple 

(a) Condhiona of Equilibrinm oC a Rigid Body. — Mcccssary anti 
sufficient rondinons for the rquilibriuin of .n ng’d hoclv acred on by a 
system of coflantr forces may l>e obtained as follows — 

Here both irttmlalton .ind rtiwriou .an? to he taken into accoimt 
For no translation to take place, the resultant must he zero , for iw 
rotation, the algebraic sum of the ntomenis of all the forces round any 
paint in their pl.ine must be Zero If all the forces p,SBs through arv 
one point of the body, they cannot produce rowtion, and the conclttions 
of equilibrium arc the same as those for a particle (tide Art 57) If 
they all do not pass through the same point, pioiced as below— 

1- Equate to zero the .'ilgclira.c sum of ibe icsohrd parts of all 
the fotecs in some fixed diretnion. 

2. . in a direciitwi perpendicular to the former 

Equ.ite to zero the algebraic sum of the momerts of all the 
forces about .lay point in ihrir plane 

76. Vector and Scalar Qnaniilies; — r\ny physical quantitv. 
whicli requires both magnttuie and iiTCClten for its complete specifi- 
cation, is called a sertor quantity, ant! other quantities ha>ing magni- 

■ only are called scalar quantities. Displ.ircmcnt, sclodry. 

* -r.iiinr, force, etc. which ittsohe the idea of magnitude as well as 

-tion, arc examples of sector quantities: while speed, time, mass. 
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volume, density, etc. which have magnitudes alone and no direction, 
arc scalar quantities. 

in representing any vector quantity, the following three things, 
(i) point of application. («) direction and (m) magnitude, have to be 
considered, as pointed out already in the case of a force [vide Art. 
43(c)]. Remembering the above a suitable straight line can be dra^vn 
to rcprc-sent any vector. 

Scalar quantities can be, as evident from their nature, added or 
subtracted arithmetically, but in dealing with vector quantities, the 
parallelogram law as already eyplained h^ to be applied. The method 
of finding the resultant of a number of vectors is called vector addi- 
tion or composition of vectors. 

77. Rene Descartes (loOlJ — 1G50): — Born in a noble family of 
Touraine in France, and received early education in a Jesuit school. 
He tvas placed in tiic army ia which he spent an ardous life in 
Dutch, Bavarian, and Austrian services. He was temperamentally a 
persoji wlio did not accept the 
ancient beliefs without putting 
them to systematic and deduc- 
tive tests. According to the 
churcli mandates prevailing at 
chat rime, the ancient beliefs 
tvere too holy to be put to tests 
and any such tests were unlaw- 
ful. At the age of iwenty-ihrec, 
so be went to Holland where he 
published his ttvo famous books 
Discourse on Method and Medi- 
tations. Their contents antago- 
nised the church and he w.is 
compelled to shift to Sweden in 
1649. 

Geometry advanced little, 
after Euclid (330 ?— 280 D.C), 
till Descartes look it up again 
about two thousand years later. 

His mathematical gifts truly rank hnn as the founder of analytical 
geometry. The method of representing lines and curves with 
equations is due it> him and he is the originator of rectangular 
co-ordinates. The ‘C.vttcsian’ co-ordinates arc so called after him. 
The Cartesian diver, a hydrostatic toy is also n.tmed after him. 
His invaluable direct contribution to science h liis successftil applica- 
tion of Snell’s law of refraction to the formation of the primary and 
sccondaiy rainbows. Though he calmlatcd the semi-vertical angles 
correedy, the colours were left unexplained. This Newton did subse- 
quently. He died in Stockholm but his coffin was carried to Paris 
tvherc it was lain. 
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1. EijiUii 


.. a tb« Umi ‘absolute motion* and ‘relatite motion'. Which of 
them is more importacL to maa, and *brf (Pit 1932) 

2. Dslculate the angnlir iclocUj in ndiaos per second, of a iiarticlo that 
makes 3C0 rpm. Whah is tbn linear sclncilr it the railiui i> i H.' 

[-<«». 3V4 radiatti/sec, s 1256 

i. hixplam siKat is meaut ac<«l«tation >i( » mminj; in a atraifjlir 

line Shov that when a body met'ea avith a naiforntly acoelcriEcd Telocity m 
a Btraijrht lute, the telnciliea at the mils of siiceessne serondi are to arithmetii 
IiTORTtssioii [Pat. 1927) 

4 Denre the rrUlion, S=i.t+-i fl' 

(Del ll. B . 13« ; Anna U., 1950' 

A tcavn Ttittvnj {to«\ x w. umtosmlT pawsssj *p»ti «ntil altar 2 

zqiButea it acquires tbe maxiiaiua unifetm speed of 60 m p h Whai i» thr 
(listaiicu pasSHd over by Uie tram dunni; (lie isniMe sUir of ill sreede 

[4ni. S28D ffj (C V 1957) 

& A ston* It thrown soriically upntrdi with a velocity of 160 fl, per 
Mc.onti fr'ini lbs to;' o( a cUR ft h>;tl> l(o« lithli will the alnne rta* 

abova the cIiC, end after how lone will it fall (o the foot of thn cliff* What 
will be the veloaty of Die ntoiio when it is GO ft alwie the point ut jrojM 
tlOB* 


froi 


Ihu 


t of tlirowiiie, (III) 145 2 


rt sei Olid IS chanffed muformly in < 
ur R'(pt*ta minvericallv the acrelsr, 
t of rpttv and time 


6 A velocity id one {<iol jj 
ta a velocity of ore tittle oer ht 
s T.Trd anil a iniiiuln iiru tlin uml 

IJni. 9i yds pet min > ] 

7 Rtplain tbe rule hnowe as the ixrillehitrsni of funrs snil slmw how 
It can bo tested sxserimentoHy 

(Dlkal, 1947; Am-* K 1960 , And U 1953 . M I* 1951 . f.t 1955i 

8 (0) De&ne the terms ‘nawllsM' auH 'e'^uiltbrant* n( tercea ErpUtn esrh 
liy lacnn.v of an etaiople |6] SUie the Un of (runtle of fortes wnd tlcscriW 
an cTpcrnticrt to verify it fe) 'ffiree forces of 4, 6 and 6 (jmi wciglit re» 
pevtirrly set, at n. jiriinl and are in eqaitibriuni What are the aneira belwetn 
thetc lutea of aetton* 

[XiM. Aiiile between 4 ami 5, 97*10 . between 5 and 5, 133*46', fielwecn 
6 and 4,124*14' ] 

9. Enanciatc and i-tre Uimrefiesl and cxienTicnlal vcrificollon of (hr 
proposition known as the Tyianslc of forces fPat I9J2; "Sd. Sap P 1952 

30 The folloniii!> forces net at a point IS Ibn -wt doe East, 16 lbs wl 
60" North of East, 25 lbs -wt. North west. 40 Ibv w%, 75* St,»th of West Kin.) 
l^aphicalTy the rcsLlUnt force at the pomt. 

(Aw 737 lbs -wt about 16* West nf South } 

11 Expbin with the aid of * diagraoi tho flich*. of a kite IPat 1827, ’31) 

12. Etplam whv It IS easier to puIJ a lawn niller tliaii to pu<h it 

‘ ^ JC 1> 1). ISn, Fat JW1| ’54; 

13. State aril prove the law of iWLialWo" 


11 A swunwer can swim 
IIo vrisliei to cross s mer flow 
‘ler hour an as to resch the dir 
’ lection should he attempt to 
[dps. At an angle of tW‘ 


{Ulkal, 1951-, Del. 19«, 
m atiU water at 1b« rate of 4 isv'tes r"r bo'ii 
■s a]oa> a slrurshi coiir«e at llie rate of 2inilei 
vtiv np^osite point on the other bink In what 

to tlie direclioa ot the cnrKnt.] 
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15. What is meant by relative vdocity? Shorr how it is determined. Give 

•ixamplcs to iHustratc your noswcr. (Pal. 1646 ; ef. Tjtkal, 1951, ’54) 

A maa walking on a road with a velocity of 5 mites per hoar enconnters 
rain falling vertically with a velocity of 23 ft./sco. At wliat angle should ho 
hold his nmbrella nmv in order to protect himself from the rain? [Pal. 1946) 

[diis. tan.-' 1, with ihe vcrlinal.] 

16. To a man walking at the rate of 2 miles an hour the rain appears to fall 
vertically; when iic increases his speed to 4 miles an hour, it appears to meet 
him at an angle of 45®; find the real direction and speed of (he rain. 

[Ane. 45'; 2.^/2 miles per hour.] (Pat. 1951; Utkal, 1951) 

17. A railway passenger observes that rain appears to him to be falling 
lerticaOy when tlio train is at rest, hot that whM the train as in motion the 
rain-splashes on the window arc not vertical. Eiqilain this and show how tho 
relative velocities of the train and the ram-drops may bo determined. E.vplain 
also why a passenger is thrown forward in tU« direction of motion of ft Irmn, 
whan the velocity of the train is euddenly reduced. 

13. A man in a boat rows at 2 ni.pJi. relative to tire water nt right-angles 
to the directiou of the current of a nv«r Sowing at S m.p.h. Another man 
starling from the some point walks along tlic bank cpstream at 3 m.p.b, Henv 
far apart will the two men be after ds.minntes? 

[ Aas. 0'55^ mile.] 

19. A man walks across the compartment of ft railway earriaeo nl right 
angles to tho diroctioo of motion of the train, w!;» the train ie travelling 
.at 10 m.p.h, ; and walks back, with tho same velocity relative to the trnio. 
when the (min is travelling at 21 m.p.h. Dis rcsitltant velocity in the latter 
case is twice that in (he former case. Prove that this velocity lolatlve to (hu 
train is very nearly 3‘7 s).|>.b. 

20. When ft tnin is at rest the r.vin-sploshes on tho window lanko an 

angle of 60° with the horiconlal. \7hcn the train has a velocity of 23 m.p.h., 
tho splashes make an angle of 30' witit tti« horironlal. Find the velocity of 
the rain. (Utkal, 1646) 

[Ans, 12-6 m.p.b.) 

21. Ih'fino moment of a forte and that of a cooplo. 

(Nag. V. 1952; P. V. 1930) 

22. Define moment of inertia and erptain its physical significance. 

(Poona, 1953) 

23. Write notes on niomeDi of inertia and radios of gyration. 

(G. D. 1951; Bomb. 1954) 



CHAPTER IV 

NEWTON’S LAWS OF MOTION : FORCE 
7R. Nevfion’s Laws ol Moiion : — 

live fdlowmj; thtee fttndamenial Lws of motion were emmciatetl 
by Sir Isaac Newton in 1G8U. They Mnsdtute the seiy ba'is of the 
science of Dj-ramics and so also of the science of Astronomy. Tliese 
laws arc almost’^vioniatic , but ncscrihclcss, the exactness with which 
the positions and motions of siJl earthly and celes(\ol bodies can be 
predicted from caloilation* based on them, JentU the strongest 'Ufjport 
to the ttutli of these laws. 

(0 The First Law. — £t*ery body contiituer in «ft tMe of rest or 
0/ iimfitrm wioiion in a sirmshi line, ercfpl vi so far as u be eompelied 
by any e.vfer«<tf uapi-essad force to change that state 

(il) Tie Second Law.--7*fse ’change of meltons’, » e, the rate of 
change of w (>roporliona( to' the xmpressetl force, and t«f«i 

place m the dueetion m wfnefe the force acts 

Oil) Tie Third Law.— To eirrv action there is an eqtta} rttid 
oppostle reaction 

19. The First Law of MotioB 
The law embodies tiro aspects' 

(li The fitst aspect of the law procwlc^ \is with the fiindamcnta! 
law of inert material bodies which may Ixt called the Law of inertia, 
according to srhich, inert botbes have no remlency of lhar ov.n to 
.alter tlieir states whether the smte be a state of rest or a st.iTc of 
uniform motion in a straight line The former tendency is referred 
to as inertia of test, and the latter, iiiertia of nvobyii 
lllustratioss of the First Law.— 

(a) Inertia of Rcsl<r— V) A iidec on horseback experience* the 
effect of inertia. -if the. horse suddenly starts galloping, when the tipper 
part of his body’learis backwards Tins is iiccausc the lower pan of 
llie body nio'cs forward nub the htrse, while the upper part tends 
to continue in its position of reit due to tnertia of rest (li) Due to 
the same reason a p.assenger standing or sitting loosely m a car falls 
backwards when a train or a tram car suddcnlv start* (r») The 
dust particles lodged between the threads of a woollen coat fall oil 
when beaten br a stick, because when the coat is suddenly set in 
motion, the particles tend to mnam at rest (tv') When a stone i-s 
thrown at a window pane, the pane is smashed bur a high speed bullet 
fired against the pane makes n clean bole because the glass surface 
near the hole cannot sh.are the serv quick rnotion of the bullet and 
so remains tindi'turbcd as before, iihercas in the first case the shock 
is fell on the whoic glass surface 
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A simple experiment on the Inertia of Rest. — Take a ball anci put 
it on a card just above a hallow cup fixed 
on a vertical stand {Fig. GO). A strip of 
metal acting as a stiff spring is fixed verti- 
cally on the base and its upper end (which 
is at least in level with the card) is drawn 
To a side and clamp^. When the spring 
is released from the damp, it jumps bade 
and strikes the card. The card is thrown 
away by the impact, but the ball on it. 
owing to inertia of rest, falls down on the 


(b) Inertia of Motion. — (») A person alighting, wiriiout precau- 
tion. from a moving cram, is thrown forward, {it) Wheu at full speed 
if the horse stops suddenlv, the rider on it will be thrown over the 
Itcad of the horse. In cacli of the above eases, the lower part of the 
person comes to rest suddenly, wliile the upper part, due to inertia 
of motion, continues in ilte previous state of motion and so the 
person falls forward, (m) A bail thrown vertically upwards in a 
Timning train comes back to hand also vctdcally, if the motion of 
the train is not changed in tlie meantime, becuise the ball retains the 
same horizontal motion whidi it acquired h-om tlie train, (tu) A 
pendulum bob once set in motion goes on oscillating for some time, 
and (a) also a cyclist paddling a uee-whccl bicyle enjoys rest for 
some time due to inertia of morion. (v«) Before taking a long- 
jump an athlete runs from a little distance in order that the inertia 
of motion might help him in bis exertion to jump. 

(2) The second aspect of the lair proiides us with the definition 
of force. The idea of force has 'foally been derived from this 
aspect of the law. As an inert body must continue in its state of 
rest or in its swte o£ uniform rectilinear motion as the case may be, 
unless impressed forces .let on it to diange ijs state, we find from this 
that a force is diat which laids to set a body in motion or to alter 
the state of motion of a body on which it acts. 

Force. — It is not possible for anv inert bo'dy- to change its state 
by itself, whether the st.tte he of test or of motion. The change 
wliatcvcr it is. can only be effected by some external cause, which 
is termed force. Hence a force ts that, which acting on a body, 
changes or tends to change the state of rest or of uniform motion of 
the 6orfv in a straight ^inc. The definition of force is ei’idently 
derived from Newton's first law of motion. 

80. The Second Law of Motion : — 

Momentum*. — It is .a property, .a moving l;ociy possesses, by 

* Xeulon used t!ie expressiem ‘ebange ot motioo' insle.id of 'ohafise of 
momentum’. ‘Motion of a body’, -he states, ‘is the quantity arising out o'f the 
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virtue of its mass and telociiy ccnjoiotly, and is mfastirfd by the 
product of niass and velocity. 

For instance the rnomcntiim ^tossessed by a dOO ton train mosin" 
with a tulotity of ^ miie per niinute is rvjnal to tlie momentum 
pcissrs*ed by a 200-ton titan njoving.with a velocity of 1 mile tier 
mintue. For, •l()Qxi*=20yxl. 

TJie groat havoc sometimes done by a cyclone is due to tlic great 
niornentnm of the mot mg mass of air The mass of air may be small, 
but Its Telocity is very great, and so the momentum (te. massx 
velocity) is large. 

By J.aking«thc hammer at a distance before striking a nail in order 
to drive u into a piece of tvoodv a greater xelocity of the hammer h 
aetjLired and consequently a greater womcntiim is obtained. 

[N.B. It must bo noticed that momenfuta al any instaitls- 
maisxTclocJtj at tliat .nsiani (and not mi<$ x speed), ie momcn- 
turn is a vector qu.an()cy and it should .Tho be noted that there is no 
connection bctivccn the «o»iew/«ni of a movirtg body and the moment 
of a force (Art. 63) } 

Ute Units of Maraentam : — Unt niottienium is the momcn- 
turn postcsutl by unit ma<s moving nith unit velucitv 
The CCS imir «f momencinu m| TIic FI'S unit nf momentum 
rhsf rinwinitiiw pnaessfd bv n[ 't tbe [tatfessiril 

viass of 1 jrm moving tnih a\ i>v n moss of I lb rnntmg 

vetocily of 1 cm per sec ■ tnfh « velocst^ of ? ft per sec 

82. nleaiurecnent of Force:— 'Hu 'smnd l.uv ol motion gives 
Its a rneihod of measuring force ^ 

L<-t (I cT)n.v/tf7i< f jree P tontiniiouslv act or a particle of mass ns 
and lei ri be the velcnity and / the accekr.itioti at any instant of time 
during the action of ilic forte Thtn bv Nc'vton’s sci-ond law 


Pcc rate of vluitgc* nf inoiurnium (»««. of the particle 
a: (in xr.nrc of change of Ml, for tlic tna^s m is constant 

^ kr tn/, where fc ix a coflataitt ^ 

Now. if wc shoos.' uur unit of fc*ce ihai winch acting mritiriu- 
ou'ly produces unit accUerawon in ut t nwvs we have m = l, /=l 
when Henec k must be «iuai V I aivJ we get. 

f- P=inf. 

Hence, we may vvrirc, forces mass xaccekr.ition 


lore 'flusnlilj el 
'uct of lll« null 

tiisnti}', Jiewton 


fjowlj. But a heavy reller 

tiocv' viv It tk»n the smittly m 
toil ihs erfetifv I* * messure 
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83. Verification of Ne\Ttotfs Second Law of Motion t — Accord- 
ing to the second law, a pven force P acting upon a given mass 
m always produces a constant acceleration /, as given by P—nif. 
To verify it, the inodon of a body fetliing freely under gravity may be 
observed. The driving force here is due to gravity (Art. 96) and may 
be, for all practical purpose?, talcpn as constant. The acceleration 
with which the body fails, llie aficeler^ilion due to gravity, (Art. 97) 
is found to be constant [vide Dctcrroiiuition of g by Atwood's 
machine or by the felling plate metfrod, Guinea and Feather expefi- 
nient (Arts. lOG & llO}]. The same truth is also established by an incli- 
ned plane method (Art. where the driving force, for a given 

inclination of the pl.inc, is a coa.staDt fracuon of the force of gravity 
and the ball rolls down triih an acceleration which is found constant. 

An easy and convenient method of experimentally proving the 
second law is by means of a fleiehePs TroUey. 

Descriptioa gf the Fletcher’s TroUey Apparatus. — A sdiciriatic 
diagram of die apparatus is given in Fig. 61. while the actual 
apparatus is shown in Fig. 62. It consists of a stout metal bed B„ Bj 
nlwut one and a half metres long, witli two parallel rails (R, B) 



Fis- 61 


fixed longimdinally on it. The bed is provided with levellinz 
screws L. A trolley T provided with wheels can, run on the rails 
almost without friction. To prevent a head-on cra.sh, the front 
end of the bed 
Jias two projecting 
springs (S,S) called 
friction brak es, 
which arrest the 
moving trolley at 
tliis end. A special- 
Jy made paper tape 
E has its one cad 
attached to the 
troJey, and passing 
over a smooth pul- 
tey 'Y fixed at die 
end B. of tlic bed 
has at” its other end .a hanger on which a suitable load ttt may be 
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placed, ^ho'^e Tveiitht mg acis as the tlrnint; forre. and Fj are t«o 
end frames facd at the t«o ends B, and Tf^ of ih? lied lly means of 
a thread the trolley may be tied to F^, if rctjniretl. 

The frame F, has a meta) lecd U feed to it and placed lengthwise 
with the bed holding an in^cd brush ‘C vertically dotvn whose free 
end u in touch v,sth the tape The teed can be swung a bit so as 
10 mate it \ihratc at right angles to its length, when the biti«h traces 
out a watT curse on ihe tape bdon a» the latter is made to mote 
across it. 

ETperiment— The bed is made horizontal by meant of the 
Imelhng screws in order that the trolley may acTualiv tun on a 
horizontal surface The metal reed is drawn a little at right angle* 
to itielf and then let go, when it stbtaces to and fro Its ttme iwiod 
T ts determined with the help of a stop-watch by counting a definite 
number of vibtauao< means of a thread ttte trolley is tied to 

the cncl-post f, and a suitable load tit put on the hanger at the 
Itatiging end of the tape Tlie tliiead is iheii tut, when the 
troircy begins to ntose fotwanJ under djc pulling weight (mg) The 
inked biudt traces uut of the waw cut'e fFig. 631 on tltc tape The 
liinr penral of the itacing jioint being constant, such a 
niitc ran be tuinemcntW oseil to rw.tsnre short inietsals 
of time acenrauiy The iajL« is taken out .siid placed flat 
on a table and a sitaighi line, sdiicli lencs as the reference 
line, is drawn eeniiallv hoiri one end to the other of the 
wasy rune The points of iniersecticn of this line with 
the wasv enne being marked the disrancr.t i»l», lie. cd, tre 
which are three ronserotise points of interseciion are aren- 
ratcly measured The average selontv of the moving 
system dunng the interval «b is ablT. anti the same for 
the successive intersah arc be'T. cd/T. etc Tlic increase 
of vclocitv m ihc interval be over that of the preceding 

- • be — tifc (c—ab . 

intesal ab «» — , sslieucc acceleration is Thi« 

acceleration, nhaictcr is the intcrsal from whicli it is deter- 
mined. j* found to be the same Thus the acceleration is 
con-tant, when the driving foice and the mass moved arc 
consi.int. This srrifics the second law of motion 

84. The Impulse of o Force : — The «i«f idte of a 
tsv -1 eff'j Um/r is ihc Qrodnct of Ihc 

force and the lime fur wliicb tbe force acis. 

Suppose -a particle of mass ni moving at any inviaiu 
with velocity h is acted on with a constant force P for time 
r. Novv P=»nf, if / be the acceleration produced- If «bc velocity of 
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the particle at the end of an iaterral t measured from that instant 

be V, 

p 

U=«+/I=H+— 

Hence, hy transposition, impulsc=Pxi=«i(t>-H)=iiiu-iJ!t( ... (2) 

That is, impuhe^change of momentum. 

85. Impulsive Force s — 

All iinpulsive force is a large force acting on a body for a short 
tune, the impulse of the force being finite but the displacement of 
the body during the short interval negligible. Its whole effect is given 
by its impulse only. 

Suppose the initial position and motion of a body arc known 
u'hen a force begins .to act on it. The effect of the force on the body 
tvill be generally wholly known, if tbc final position and motion of 
the body can be known i.e. if the displacement it causes and the 
change of momentum it produces, be known. In the case of an 
impulsive force die displacement being negligible, its whole effect will, 
therefore, be given by the dumge of momentum it produces on the 
body, i.e. its whole effect is given by its impulse. 

For a body Inltinlly at rest. ti=0 and therefore equation (2) 
becomes, 

Pt*inv. ... ... ... ... (8) 

86, The Unit o£ Force From what has been shown above, 
die unit of Force may be defined as. («') That force which acting 

a unit mass fjroduces iiin'l acceleration [see equation (1), Art. 82], 

(ii") That force which acting for unit time on unit mass iniliaUy 
at rest creates tn it unit velodty [sec equation 0), An. 84], 

(I'u) That force which acting on any mass at rest for unit time 
produces in it unit nio»ien«i»ii iw the direction of the force [see 
cqu.ition (3), Art. 85]. 

Two f^stems. — There arc tato systems of force-units, (a) the 
absolute, and (b) the gravitational. TTie .ib-solutc units do not vary 
throughout the universe, but the disadvantage of the gravitational 
units of force is that tliey arc not constant, because they depend upon 
the value of the acceleration due to gravity g, which varies, though 
slightly, at different places (sec Art. 98). 

(a) Absolute or Dynamical Units of Force. — 

Dyne Poundal 

The e.G.S. absolute um of The F.PS. absolute unit of 
farce is called a dyne, which is force is called a poundal, which 
the force that can produce an is the force that can produce 
acceleration of one centimetre per an acceleration of one foot per 
second per second when acting an second per second when acting 
a mass of one gram. on a mass of one pound. 
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(b) ^ Gravitadonol Unit,— The nn^it of a body is die fence 
ivith ivhich Jc is atiracied by Ae earth The acceleration with which 
a body fails freely is denote by 's' the value of which Jn the F.PS 
system ts 32 2 ft per sec. per sec., and m the CG.S. system the value 
is 061 cm per see. per see. 8o— 

(i) The weight of 1 lb . *ft. a force of 1 Ib-«t. acting on a mass 
•of I Ib., produces an acceletatioti of 322 ft, per see. pee see. 

Ilut the force of 1 poiincLi) acting on a mass of 1 Ib produces an 
accclentioii of 1 It. per see pet see. 

Weight uf a pound (also called a poDnd,\>eigbt written as 
Ib.-wt,) >-322 (ic SJ pouDdals. 

n* paunds-weight (m lbs.-m.) •••ntg poundals. 

Hence, a force of I poundal-I/32 3 of weigh: of one pound 
Bv»t of 10/332 oz. 
wwi of half an ounce nearly 

0*1 Again, the •Rcight of one gram, winch i* expressed as a force, 
of 1 gm-wt , acting on a taa's of 1 gram produces an acceleration of 
1)81. ern p« sec per see 

Dui ilic force of I dyne acting on a mass of i gram produces an 
iiccelvratioji of I cm per sec per see 

Weight of a gram (called a gram-weigbll-PSl (le. g) dyocc. 
rrt gniais-weigbt (»i dynes. 

Hence, a force of I dyne-* 1/081 of a gram-oeight 
Generally, sf m lbs be die mass of a Lody, the only force acting 
on it IS its weight, ll' So, by substituting for P, anti g for f In 
she formula, P“«/, we get. Jt'amg, 

t,e. weight of a body (ia dvitesl^iDoss (in etttmslxg; 

(where b=98I) 

and weight of a body (in poandaial-inass (in 

(where 

Not*.— .V {o7fc ot I dyne can te poct*oll.!> revliscJ Vj the wcirM 'f 
«)ip iTiilligT^iTi , B'ttmy = I/lCCOx^ “1 dyn* (orcil>) 

The gravitational exut of force is the weight of unit mass 
Hence — 

T/ie C'C.S gTiTLiJatKHM/ siwl j The FPS gravitatwric/ unit 
of force ts a force eaiial to the I of force ts a force CQual to the 
teerghi (ff a gram. | votght of a fi>iind. 

The grarltationaT iinil ol lorcc®gxnbsolute twit of force. 
{Note— (1) The weight of a pound has tliifcrcnt values at differ- 
VI places of die earth due to die diOcrence in the value of g. 
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(u”) The formula, P=±mf, is true only when all the forces are 
expressed in absolute units, i,e. in poundals or dynes, and not in 
pounds-weight or grams-wdght. 

{»«■) In solving problems using the above formula, (a) reduce all 
the forces into absolute units pf they are given in gravitational units, 
i.e. in Ibs.-wt. or gms.-wt.) by multiplviag with the corresponding 
value of g. 

(in) Finally, if necessary, reduce die forces to gravitational iinits 
by dividing by ‘g’.] 


87. Relation between a Dyne and a Poundal : — ' 

1 Poundal =l/32-2 of wt. of a pound 

= l/32‘2 x 453'6 wt. of a gram 1 pound=45S'6 grams.)' 
=981/32^x453-6 dynes (•.• 1 gm.-wt. = 081 dynes) 

= 18,800 dynes (in round number). 

Exnmoles. (i) Erpnt) in iynrt tie /orcc due to 1 ton vitisht [g=SSl‘i 
ems, per seed). 

1 ton'Ucigbt=8840 Jbs..wl. = 22il0x^'6 gms.-wt. 

=2M0x<lS3-6x90l-4 dyn«=9-97xl0' dynes. 

A /ores eijiiei to the toeiff/tt of 10 Ibt. acting ou a boilv gentratu a/r 
floecieration of i ft. per see. per sec. Find out the man of the botig. 

Hero P=wt, of 10 lbs.slDx32 poundals; f=4 ft. p«r lec. per aec. 

By the formula P^-mf, we lia're I0x32=mx4, or, m=80 lbs. 

{,1) A train miffhinp iOO tons is tiaufrtiiij at the rate of SO milts nn Aour. 
The spend of tfic train i* Teifueeif to IS miles jiet hour in SO ecoonds. Find the. 
(werape Telarilinp force on lie train. 

400 tons=4(Xlx2240 lbs.; GO milca an hourwSa ft. per se«. 


IS miles an hoiirw22 It. per sec. 

Wc have, by eqoslion (2), Art. 81, Pte-mv— mu. 
or, /’x20*=i400x2aWx22)-(400x2240x88). 


400x2240 x65 

30 


s> ~1, 971, 200 poundAls, 


H) On tnrning'a comer a motorist rusiwg at iS miles an hovr finds a ehtld 
nn the totui 100 ft. nhfad. lie. inatentfif slops Ike CRyme and applies ftrates so os 
In stop soichin 1 ft. ol tic child {suj/posed stationarv). Calculate Uic time regmreil 
to stov the car and the Telarding force. (Car and Uie jiassengtr vstigh SOOO lbs.) 

' {Pat. 19S9) 


Hero K=45 miles per honr=W ft. per me. 

Tho final velocity and the distance teavclUd before the Mr stops 

= 100-1 = 99 ft. 

If / ho t.he acceleration generated by fie force we Uave, «‘s:ii'+2/«; 
or, 0=-66’+2/x99; whence /= ffi- par soc.*. 

Again, v = v+ft-, or, 0=66— ffit; whence t=66— ^=3 sec.; 
or, the time required to stop the car=5 secs. 

.-. The retarding force, F=m/=2000 x2Z=44,000 ijomidals. 
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€(/ lUe fori 

per n<. ] 


II n> 


9ft ocH for 3 ret* 99 « ntti tj 16 Xbt , Cml then 
t< ,1 e¥tt £At baJy t/etenitt SI ft f»"i£ euJ lA» mOQ 
aaj pvunAite { Icrfleraium Jut It d'XMt’jii-S! ft }« 
(I'a! 


4 'I 


Ir III® force P itts for S acca , the miptJae — *0 

4'iere u=0; »e lute P)(,S=16" (l| 

-Ifter the force cea'cs to act, (li« bo«ly ilescnbes El ii in 5 acta So Ihe 
onifoim leiocity durinj* tliir pertoil »=8l/^=27 ft. 

„ . 16xlf7 144 

.' From (J), /'« — j —144 iWDDdtila for, -jg— *-4 5 Ihs.-wt ) 


■flit umJorm adocvlj iluting tlie last 5 sera s.fll/5»27 ft 

So, J1 It IS the flEal xelorily of Iht EM 3 sett " 

Hvace. ceaaiderinf; the first fenn<l of 3 eera , we hate, 

»=0, tr^27. /-» 
i^u + lt , or. 27=0+/x3, 

, 1^2713^9 ft ptr let * 

Hence /'-«i/>.16x9-144 (wuixtila for, 45 lln wt ] 

SS* Physical IndcMAdcnce c( Forces:— Tb« Incfer part o( 
Ncivfoft'v jcctitid U.IV ot motion vcitce that the cliancc ol moiion 
{tcodueed bv .i farce taL.et pbcu iit itie tltrceicoti of the force 

If ti\(> ox riiure forces ac> siiniduineously on a Ixidy, vneh forte 
Mill j.nxlatu ihc ajme effect indcpentlcnily of others Hence ihcir 
comhmic] effect is found by considcnnp the effect o! each force on 
the body independently of others and men cornpouncling their effects 
This principle is knonn .ts rhe Principle of Physical /nrfe/>rtide»i<C 
of Porces 

lUustnitiuDs:— (I) A none dropped from the top oF ilie must 
of a ship, which is tratclling without rolling, falls at the fiwt of the 
mast, w hctlier the ship Vc in motion or riot, and the tlrnc taken by ilic 
stone to fall is the umr in the two cases 

Thus H because the two forces, ’he settical force of gcaiitv and 
the horizontal force due to «liie i the ship ttirites foniarcl, .ict 
iiidcpcndecttly of each other, le. one is unaffected by the other 
and act< iti us own direction in foil. The stone at tfic point of 
being tlcopped has the same honzontal motion at the ship and tins 
contuuies unabated during all the time the none nioccs dtuvnwarch 
on being dropped So with respect to the mast the stone is at 
relaU'e tcit so far as the motion in the horizonial direction i< 
concerned Evidently, it must strike the foot of the m.isf. ujico 
dropped down, though the ship is m motion as it docs on bem" 
dropped when the ship is at rest. The time taken by ilie fall in both 
the cases will he equal, liccausc the distance covered in both the 
cases Leitig tlie tame, it is eocerned Only by the force in the scnical 
direction, le the force of grasity wliirK is unaffected, according 
’o the above principle, by the motion of the ship in the horizontal 
’ rection (which is sviihowi any component in the former direction). 
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(I'i) A circus rider is another good illustration . When in the 
course of running, the rider jumps in a vertical direction from the 
horse's back, his horizontal velod^, wWcU is the same as that of 
the horse, remains unchanged and independent of the vertical velocity. 
For this reason he is able to slight again on the horse’s back and 
docs not fall behind. 

89. Pull, Push, Tension, and Tlinist; — Tliere are several ways 
in which a force may be exerted, the most famtUar of dtese being 
by puih or pushes. 

A Pull is usually applied along some length of a substance, 
as for example, along a string, or a dwin : and it is said that the 
string is in a state of tension. The pull is also spoken of as a 
tension. A pull may. ns well, be exerted along a rigid substance say, 
a rod etc. 

A Push cannot be exerted along flexible substances like strings or 
threads. Pushes can oitly be applied by rigid substances. 

A push distriljuted over an area Is often spoken of as a thrust. 
If any one presscf a stone with his finger, the finger exerts a tlirust 
on the stone tending to push it aw.iy, 

90. The Third Law of Motion : — 

If one body exerts a force on a second body, the second body 
exerts an equal and opposite force, oiled live reaction of it, on the 
first. The mutual force (per unit area) between two bodies is known 
as stress. So the third law is also sometimes called the law of 
Reaction or die law of Stress. 

This law is a result of experience. It states that the action 
bettveen two bodies is mutual. The law is true whether the Ituo 
bodies concerned arc at rest or in motion and whether they arc _tii 
contact or act from ci distance. Since every force must necessarily 
be accompanied by an equal and oppositely directed reaction, all 
forces in nature are in the nature of a stress between portions of 
matter. 

(i) Illustrations of action force and reaction force — 

Imagine a body of W Ibs.-wL resting on a table. This weight i.s 
exerting pressure downwards on the table. But if IF were the onh’ 
force, the weight would Jiave gone through die table. As it does not 
do so, its motion must have been resisted by an equal and opposite 
force R, called the reaction exerted by the tabic upwards along the 
same line of action when W acts on the table downwards. 

(ji) When there is a load on a hand, the hand is subjected to a 
downward force by the wdght of the load, and the hand also applies 
an equal force on the load. If now, tire band is moved with tlic load, 
an additional force must be applied to the band. 
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raisrs a w^ht by a Mring ut-J lo it, the scrini! 
hand exactly the same force as it exerts on the 


(Hi) If 
exerts on th 

Vicight hut in the opposite dirccuoo. 

(toj A ladder leaning againsi a *all presses on it and tends to 
pusli the vkall back Tlti? action is etjuai and 

opposite to the coiintcr-thiust called the reaction, 
exerted on tCic ladder by the v.all. which keeps the 
ladder in position 

(») "When a man. at the time of walking: 
(Fig. 64^, presses his feet against the ground 
slantiogSy in a h.tcinard direction, the reaction lorcc 
of the ground has a siibstanti.il component in thr 
hoiizontal duetiion forward. Tliis enables lEc inau 
to advance 



It is to be noted tbat it is difficult to walk over a slippery 


ground because suflictcnt pressure 
slantingly on the ground on account 


of the feet cannot be exerted 


(t'O A boatman presses one 
end of ft bamboo pole against thc 
groutid [Fig. and the hf»at 

on the water moics fornard Here 
the b.iinboo pole presses the e.srih 
and die eartli sets up ilic reacton 
force along (he {xjle in ilie oppusiu* 
direction. The component of the 
reaction force in the honzontal 
forward direction communicated to 
the boat through the boncman 
makes the boat move forward. 



I*!? «(»» 

(ii) When a magnet attracts a pi<r» of iron, the iron a'so attracts 
the magnet wiUi an equal and opposite force (vide Magnetism Parc II. 
Vol. II). This may be scribed ^ hv-Iding the magntc in hand and 
suspending the iron in front of it wJ .i the iron moves towards the 
m.ngret and repeating the cxperimtnt by holding the iron in hand anti 
suspending the inagnti in front of it at the same distance when the 
magnet moves in ihc same way towards the Lton If the action of 
the magnet on the iron is the acuon-force, that of the iron on the 
magnet is the teaction-foiec 

N.B. Kewton’s third Jrw of motion really gives us an insight into 
* '» forces set in nature nve a«<CTtjon of the law is that forces 
exist singly; whenever they appear, they appear in pairs If oneof 
i^lvcm is an octton-force. the other is a coexistent equivalent opposite 
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force to be called its reaction-force. The quesdon then arises “If a force 
acting on a body has an equal and (qtpusite reticiioii, ^vlly should the 
body move at all? The body moxtes because the action and the reaction 
do not act on the same body or the same part of the body, liake, 
for example, the case of a body faUing to the earth from above. The 
cartli exerts a gravitational attractive force {thda Chapter V) on the 
body which being of small mass moves toward the earth. At the 
same time, the small body attracts the earth towards itself with an 
equal force which i.s here tbc reacdoa-forcc. But this reaction-force 
acts on the c.'irth and not on the body. The earth, being very massive, 
docs not appreciably move towards Ac body under such a small force. 
Tlius, in con.sidering a mechanical problem what i.« needed at the 
beginning is to ascertain the particular body whose modon wc want 
to constacr. tind then look out to ascertain which force, the tiction- 
forcc or the t'uaction-force, acts on tbc body. 

(yiii) Horse pulling a Carf-— This is another example which shows 
die equality of the action and reaction forces contemplated in the 
third law oi tnotlon. 

Lot a can C be pulled by a horse W (h'ig- 6u). the t'vo being 
connected by a string. The tension T in the string exerted by die 
horse pulling the cart C forward 
is the aciioii-foTce and Ac tension 
T exerted by the cart on the liorsc 
pulling the horse iiackward is the 
reaction-force. How is the motion 
of the system possibic in spite of 
the fact that the tension T in Ac , 
string is always equal and Fig, 6S 

opposite? 

The horses foot exerts a force on Ae ground downwards in an 
oblique direction, and, in consequence, the ground produces an equal 
reaction A on tiie liorsc’s foot in Ae opposite direction. The vertical 
component F of this reaction supports Ac weight of the horse, 
and the horizontal component F tends to drive the horse fonvard. 
The whole system moves forward provided F is large enough to 
overcome the frictional force / between the wheels of the cart and 
the ground. 

The relations between T, F .md / arc given by, 

F—T^ii}.\, and T—f^Mx, when A‘=coiTimon acceleration of horse 
or cart, whose masses are respectively in and M. By addition. F— f= 

{m + M)x-. 

N.B. — It slioiild be noted in Ae above illustra.tions tliat (a) the 
reaction lasts only so long as the acdon is present ; (i>) the action 
and reaction .acj on different bodies and never on the same body and 
so they can never produce equilibrium, because for equilibrium two 
equal and opiiositc forces must act on Ac same body. 

Vol. I— 0 
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91a Tti( Pfiaciplc of Conservalion of I.inrar Mornentum 
Ji'hett two or more bodies maze under their tiiulual rtclions nnd 
TCiicUons only, end no external forces act on the system, the s^im-total 
of their momenta along any direrthn is conslanl. The IfKe holds both 
for fmte and imptilsive forces 

Lw i\\Q Loc]ies,a4 and B tno\cunder their rautii.'il action and reac- 
tion only, there being no other external forcca acting on them. Then. 
hj Newton's third law of motion, the action of y1 on /I .at .my initant is 
■equal and opposite to the reaennn of D on d. Again, so igng as iliete 
is articin, there is also reaciion That is. the time for which the two 
farces (action and reaction) act U the same foi both. So, the impulses 
«f the two forces are equal and opposite. That is. the change of 
momentum produced in cl is equal and opposite to the chan!;c of 
momentum produced in B. fn oiher uords, the total change of 
momentum of <4 .and if, taken logcchei, is zero, wiiich me.ans lliat tl>e 
sum-tutal uf niomeitta of A and B along any direction, is unchanged. 

Tltc r«ulc can be extended to the case of any number of bodies 
mosing under condicions as stated aboee. 

lllaftTations.-<il ^Vhen a man )umps ftem a boat to the vhotc 
h is well known that (he boat experiences a backward thrust which 
ditpl.tcet It awar from the shore It is due to the impulshe force 
exerted by the m.in The change of momentum of the boat caused 
Ly the force is equal and opposite to (hat of the man. 

(■O Motion of a Shot and Gun., — When a gun >s fired, the powder 
U almost instancancotidv comerted into a gas at hich pressure which 
by esinansisc action forces ihg shot out of the muzzle The fo'ce on 
the shot at any instant, before it leases die muzzle, is equal and 
opposKe fo iliai exerted on the gun bacLivards The time for which 
both ilufse forces (action and tcaciioti] act being ilic same, their 
impulses are equal but opposite So rlic tliange of momcntiuu of iht- 
shoe IS equal and c^posiie to that of the gun But both die shot 
and the gun being initmllv at rest the momenrum produced in the 
shot is equal and opposite to that lu die guo. 

Suppose lit and Af arc the m-asscs of the shot and the gun rcspec 
mejy. u the lelocity with which the shot emerge* from the muzzle and 
T’, die recoil iclocity of the Run, supposing it to be free to mote. 
Tli.ii. «i(r-0)=Af(r-0); or. mt-=.A7l'. 


Etamele. t{ lb* tXot t* fired from 
uUh a ce/eciljr of SOOO ft. j»t see. Find tSj 


I/Pt « Ii» llie initial TilotilT «l reroil of th* ffun Tht backw; 
ot Ihf. epn. 1* etioal and orivwit* fo the forward momeniuir of tli 
inomintum d! the sVjot^lAylOOO ft lb aae. anits 

Jlomcntiim of fh» gun » (ZxSS«)X« ft lb s*e units 



ltd rromti 

e shot ' 




13x22«>X'‘ = l^Xl»»S 
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92, Citcalar Motion : — If a particle is constrained to move in a 
circtUar path of raditis r vnth a uniform speed y, it must lime at any 
instant an acceleration of magnitude T*/r directed towards the centre 
of the path. 

Lee a particle be constrained to move along a circular patli of 
centre O and of radius r with a uiiifocin speed v (Fig. 6G). 
At any point P of its path, the vcloci^ is v along the tangent PT. 
Afer an infinitely small lime t, the position of the particle being P', 
its velocity should be along the new 
tangent P'T'. Join P and P' to the 
centre and produce OP' to R intcrscCQOg 
PT at A. Now if tlte particle P were 
left to its inertial motion along PT with- 
out being subjected to any other exter- 
nal force, it would have reached the po.nt 
A in time t, where PA - vt. The velo- 
city V (along AT) at A can be resolved 
into two components, v cos P acting 
along AB parallel to P'T and v sin B 
acting radially outwards along OR (i.c- Fig. 66 

AP), Since t is very small, B U also 
very small and as such A, P and P' are 

very dose points, So v cos 6=v, and v sin 0=vS. Now as the particle 
is not allowed to move alone PT and is rather constrained to follow 
the circular path, the particle which should ha^'c been at A due ro 
its inertial motion, taken up tlie position T attended with velocity 
B along P'T' parallel to AB. So here only the cosine component 
of the velocity exists. The sine component, v6, is annulled by apply- 
ing a radially inward force (hence an acceleration) of suitable magnitude 
on the partide. 

Ac P there was no radial component of the tangential velocity, v. 
But at A, after t seconds, the radial component of the vclocLty=t)5. 

The rate of change of outward radial velocity's — 



„ — =;tp®r =outward radial acceleration 
(•.• VT^wr, cf. Art. 37). 


Tliis acceleration is the centrifugal acceleration of the partide 
arising out of its inertial motion and is directed radially away from 
centre. So in order to annul the effect of diis acceleration and to 


make the particle move uniformly in a circular orbit, an equal and 
oppositely directed acceleration must act on the particle (due to 
5ome external force). This radially inwards acceleration is known 
as the centripetal acceleration and its magnitude is y-jr or lo-t. 


93. Centripetal and Centrifi^^ Forces s — When a body of mass 
moves in a circle of radius r with a constant speed v, it is always 
subject to an acceletation sPfr directed to the centre of the path. 
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ObMously then, there mo$t he a force ittv^jr con«tantlv acting; orj l/ir 
body towards the centre of the patl* to coiKtr.tin it to mo\e in a 
dicie This force is i.na»n as the centripefai (l.atiii, /jc/o to seek) 

By Newton's third ia\« of moiioii, an equal and oi-fosile force, 
its reaction, is called into pl.t},. This force of reaction acts on the 
bodv at the centre and u directed away from the centre. It is known 
as the ctntttloeai iLattn. fo^o, to flyl'rcaclion. 

Tile centripetal (tc. ccntrr-«ecl.rn"i force is cxcrtcil on the 
rctohing bodv hr .looiher hoilv at the centre towards itcclf, aloiisj 
the r.sdiiis while the centrifugal rcacinin is everted by the revolting 
body on the Irody at the centre and i- directed away from the 
centre, the magnitude being equal but the direction \nii opposite The 
centripetal force, m nature, mav ari<e in different c.nses due it» 
ilifTcrcnt reasons nametv, mechanical tension, pravitional force of 
attraction, irafneiic or tlcanc forces, etc 

The centrifugal reaction is sometimes loosely called the eenmfiigal 
force But as has been mdicatcd tn Art the latter is the foicc 
due to the centrifugal acceleration ariMng our of the inertial motion 
of the body movtiig uniformly in a cirvU Its rruagnitudc is mv^/r 
arri it acts on the moving body in a radiallv outward direction. 

(0 Take fur example, the case of a iiiuii whirhtig iii a circle at a 
counanc vpecd v, a stone uC tnasi; «■ ucd to one end of a string, the 

other end, at a disunce r, betng held l>v hmi (Fig. Q7) A ceiimnewl 

force cuntinuouslv acts on the <tonc towards the centre of the 

circular path The ccnmfugal reaction acts on the Lodv at the centre. 
Iff. the hand, it being equal in magnitude but lUSt oppndte in tlircc- 
cion This 11 experienced by the liand and the man thinks as if the 
stone will fiv outwards if he releases his grip The tension T of the 
string is equal to eiihcr of ihcsc two forces and is gi\tn bv T"** • 

It should, however, be noicd that if the string be rcicasctl or cm 

alt on aswddtn. then the rotating Ixxlv 
flics off laiigcmiidlv to the circul.vr p.nh 
ant. not away from itie centre .ilrng the 
radius. This is btcausc. as scxvii its the 
string IS cut. the centripetal force, 
cvises to act and the motion of tlie 
stone continues due to inertia .and take* 
place in the direction in which the 
stone was moving at the in'tanr, ip in 
a tangential line As soon .n« the ccniri- 
petal force goev. die v clricilV comjv^- 
ntiit rfspon»ih!r for the centrifugal 
•.Ttcelcrarion together with the othf- 
CKinpuncmt. niaiiil.vinv the convf.oncv oF 
ihc inrigcniial velocity in niagniiiulc 
and dirccuon 
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N.B . — Every cyclist must have noticed that the mud from a 
bicycle lyre flies o§ tangentially uthen there is not sufficient adhesive 
force (=centripeial force} bettoeen. it and the lyre to keep it moving 
in a circle. 

(f’r) A bucket containing water maj be swung round in a vertical 
plane without tiie water falling down, tf the motion is rapid enough. 
When the bucket is upside down, the weight of the bitcket and 
water acting downward.^ is balanced by the centrifugal force acting 
vertically upwards. 

Example. A. utone vhote leeight I* 1 lb. saiiijf round in a circle at the 
cud of o string i ft. long nnd fakts i teeosd for eitry comjdetc revoliUiau, Cai- 
cidiili: the, ilrctcliing force i« (At ttruig. 

Tlic mapiilude of lbs stretching {orce= •21^ . 

Vetaily o( ll» ..o.., 

• Ix<lx»a7x4 

•• “= rxt‘ I/a 

= 631-68 pounilaU = 5^^ lb«.-vvi. = mi lOs.-wt 

SOME MORE ILLUSTRATIONS OF CENTRIPETAL AND 
CENTRIFUGAL FORCES 

(1) Motion of a Bicycte in a Curved Path. — Motion of a bicycle 
rider in a circular patlt is also an 
example of the centripetal and 
ceiilnfiigal force. A cyclist turn- 
ing it corner has to incline his 
body inwards, ».c. totvards the 
centre of the curved path (Fig. 158) 
for a safe journey. 

At that time the forces acting 
are {a) mg, the total \v«ghi of the 
ntachiiie and tlie rider, acting 
vertically downwards through O, 
the C.G. of the system : (b) the 
centrifugal force mv-/r, acting 
horizontally through O, where r is 
i!ic radius of the curved path and 
V tile speed ; (c) the reaction Q of 
the ground acting at G directed 
.along GO. This force provides 
the two component forces, a force 
E, being the liorizpnial component Fi-’. 63 

which acts along tile ground and 

the component R wliich acts vertically lo the gromul. The couple 
formed by R and mg is balanced by die couple formed by F and 

mv-lr. 






sr. 


The higher the speed, the greater will be the centrifugal force' and 
so the couple due to It. aad tlie rider «ill hare to bend his hodv 
more tnziards to increase the opposite couple. '' 

Inclination of the Cjclc. — If 0~inelinjitMn t>f the cycle TtnJb the 
verltcal, /^distance along the cycle from Q, the C.G. of the system 
CO the ground G, 

the TOUple formed the centrifugal force being ccriial to that 
formed by the weight of the system, for a steady tnoiion, 

cos fi=ingxf Stn P; or, tan 
r f.£. ■ 


Thus for • eiT«a i&liie of r, wl<«t v lorrraws, S mwt iRtrnie. So, if a 
cjcliti riJss mtl] er*at apetd aion; a e«n« of amall radiua he mint mclin* 
t&'watdr io tK« tR^aiTcif eatart to atoid a fall Stf a tbp ihs)! occur, if fl it 
aithOF too largo or too unall for the speed r, for » (leea latiia of r 


EstRtplt. <t eydut w drwrttinp 
>n\U$ pfr Aesr. /'cnef Me inefinetien 
eiivmmg Me ritfer and ihr rj«fe ra he 


curve o/ Jrt /» rnfiv* at e aptrd of IP 
Me eethfol 0 / Me p/une of Me ejrlr, 
nae ji/tme 


Vie tho relatioB, tui 0 s t-'frg, of ||« ataivr artirlr Ifrrr u » ^ ft (tee , 


r • 50 h , and ^ « 
neace, tan 0 * 


33 ft /tee ' 


5x3x50x3r 


TAty 


(2) The Bonking of Tracks. — (<») A ractntf tract for motor car* 
It conttrucced in such a nay that 11 is hanked imiards, such that a 
stationary car would hate a tendency of shping (owarcls the centre 
of ihe track. 

In this case the resohed part of the weight of the car .ilung the 
inclined ground supplies the centripetal force nectssary ro keep 
the car moting and the other rcsolted pan normal to the ground 
balances the upward leacoon of rhe ground. 

{h) Wiite .1 r.iiltvay Imc takes a bend, ihe outer rail is placed a 
liide higher than the inner one, so ihat a train moring on it tnav hate 
its fioor inclined to the honzontah 

■Jlie wheels of the carriage arc provided with flanges on the rrmet 
side for both ihe wheels in a pair, so as not to allow the v-hce's to 
mote sidewise and cause dwatltHcnt. If the rails arc on the same 
level, while taking a bend, the teodency of the tram to moic in a 
straight hnc produces a pressure on the lunccl mils, the reaction of 
which at the flanges supplies the nccessarv cciiiriiJetaJ force for the 
motion on ilie cuncri path. Such huge friction between ihc flanges 
and the rails ni.-iy wear out die flanges quickly To .ivoid this, the 
auter rail is so raised as to reduce the friction between the tails 
* the flanges to nil. die inclination depending on the radius of 
..he bend as also on the average speed of the train at the bend. 
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Let ABCD (Fig. 69) be 
{mass=:wi) through the line 
shown by GO, joining the 
centre of gravity, G. of die 
carriage, and the centre of 
the circular track (radius=r). 

Suppose the outer r.aii is 
raised over the inner so that 
the floor AB of die carriage 
is inclined at the angle 6 to 
the horizontal AE, when there 
is no lateral pressure exerted 
by the flanges of the wheels on 
the rtuls, when the carriage is 
moving with speed o. 

In such a case, the reac- 
tions of the inner and outer 
rails w’ill be normal to .4B and 
are shown by R. and Bj. 

Resolving verticaily, 

(B,+B.) cos^=»i|:, (wt of the carriage) 
Resolving horizontally, 

(Rj+Bj) sin 


vertical section of die carriage 



( 2 ) 


Dividing (2) hy (1). tan ff=^lrg ... ... ... (3) 

, If trains of diucrent speeds pass round the curve, pressures 
exerted by rite flanges on the rails cannor be eliminated completely. 

Example. A raiVuxtp eoftiaje of mots IS (<in» is moving u?i(A a speed of iS 
m.p.h. on a circular iracU of Spo ft. radiw*. If the raih ore ft. onart, fttiii 
hy houi miirh the outer rail should bt roistd ooer tile inner rciJ eo that then 
is no side thrust an the reiU. 

TT.ee the relatioa, t.ia $ = vt/rc, of the sbo>'e article, when v = 45 n.p.h. 
= 66 ft, /sec., r=2420 ft., and ff=32 fL/eec.’ 

• tan i9 = _^6 x66 9_ 

2420 x 32 ‘'160 


Since ff is 




' 160 • 


The height of the oi 


(3) The Centrifugal Drier- — This affords another example of the 
application of centrifugal force. This is used in laundries. The wet 
clothes (which are to be dried) are placed in a cylindrical wire cage 
which is caused to rotate at high spe^ The water becomes separated 
from tlie clothing and mores oft as die adlie.sive force between it 
and the material of the clothings is not sufGcient to keep it moving 
uniformly in a circle. 

(4) Cream Separator . — A given volume of cream has smaller 
mass than the same vohtme of skimmed milk, and so n smaller force 
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is required to hold ir in a drcic of (;nen raditu Hence, if cream 
patucles and miik paiiirlcs arc set in rapid rotaiton, ilie m'uk jiariidc' 
svill hare greater tendency to mote to outerside of the tcsscL the 
cream particles remaining nearer the centre. 

(5) Flattening of the Earth.— Intiially tJic earth eondsteJ of a 
mass of fused mailer. Because due to the rotation of the earth 
.ibout its axis, a centrifugal force is generated which i* greatest at the 
equator and decreases gmdualiy rrmards and finally ianiOiw at a 
pole (itde Art ys\ the lanh bulged 
at the equator and got flattered at 
the poles The morfel »ho«n in Fig 
70 is commoiifv usfd in the labora- 
lorv to exhibit a similar effect. It 
consists of a spindle basing some 
circular rings inatle of thin metallic 
strips Tiioiiiued aruuiid it <o as to 
form the surface of a spliere This 
body IS heed at the bottom to the 
spindle, olule the top of it tncN in a 
colhr uliidi nil on the sjiinille, 
Fii 70 and tan 'fide up and down When 

the spindle IS rapidly rotated (be 
fitlinc It scittcallv on the asle of a hor>2ontal uhirling lahlc). cacfi 
p.articis of the strips fomimg ihe rings tends us inosc ouiuarcK due to 
the centrifugal force and (au<c< iIk collar to slide down the roJ Tlic 
bodjr takes on a form flattened at she rnii .and bottom. i r. along the 
axis and bulged in the middle as shoun b\ the <iotti.d contour 

(d) Wati’i SpMd Cusemor.— Tbs gusettwt of .u\ tngmo, first 
designed by James Watt, is a self-atiing doiec bs ninth ilio supple 
nf pciuet to an engine is automaticallv rtgulatid 'iitli rtiat tilt mentt 
speed of ihc engine nuv remain conMJiii at 
the rated salue or uiihin certnm limits, tthtn 
tile In.ad on ihc tnginr s.lrics 

Tlie coniC<ri goivrnor (Fig 71). cuiisitt'- 
of tiso heavy mejal halls A and B at the 
end of two '.trn’s hirgctl at the top of .i 
-.c-rrital spindle 1' nbifh is diiicn u\ the 
mam shaft of the engine and roiatcs mtli 
ti Often the tno .irms arc connected bt 
tno links /as shown in the fie.urc) to a s'ecic 
ivhich. while it rotates with tlic spindle 
can slide up and down on it with the nse and 
fall of the ball-. This loand-fro motion of 
the sircic i.< used tn regulate die suppW oi Steam to the engine 

Theory of Ihe Conical Cosemor.— Suppose A i» .« ixill rLioliing 
about the lertical .txi-. OF bdng su^peodcil from ihc point O, h> a 
'htidcT rod, the joint at O, being such as to iietuut of free angul.ir 
1 Acnicni of A(}, .ilicrtit O, in the plane clOF [Fig. 7I(«)| As A 
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Tevolvcs m a steady speed, AO^ describes ibe surface of a cone, 
tvhosc rertex is at O where AO^ intersects OV. I.et h be the height 
■of 0 aboue the level of A and let r be the radius of the base of the 
cone. The forces actmg on ,<1 in the plane AOY are its weight 
IF, acting dotvntvards, the centrifi^al force F acting radially 
ouDvards and the tension T along AO^, neglecting the weight 
<)f the rod. For steady motion these must 
bal.ince one another. Tahing moments about 
■O, F.A= IF.r 

j .j- jr — ill X 

^ x___ ^ , 

•taking 7ii=mass of A. t'='I5near velocity and 
•t'^nngular velocity or it. 

X /. = IF.r ; or. ft = . 

S tt~ 

That is, the fte/gftl of a conical governor is in- 
versely prof'orlianol to the square of the angu- Fig, 71 (r) 

!ar veiocily, 

l^VhcIl the engine speeds up thic to any decrease of lo.atl, the 
Increased centrifugal force aaing on the balls' causes the balls to ilsu 
up (cf. 1/ic fteiglif ft of the conk.il governor varies inversely as the 
square of ihc speed) and so the sleeve also rises up. If the speed of 
tile engine falls due to any increase of load, the baUs fall in level due 
TO the decreased centrifugal force and so that sleeve also moves down. 
The .sleeve htis a groove (see Fig. 71) turned on it to receive the forked 
end of ii Ict'cr through which, and other levers and Jinks, if necessary, 
the sliding motion txf the sleeve is transmitted and converted into the 
jnovement of a valve, which regulates the supply of sfcam, gas, or 
charge, as the case may be, and thereby keeps the speed of an, engine 
•constant.) 

(7) A Body Joses Weight due to the Earth’s Rotation. — In its 
diruiial rotation, as the earth 
rotates about its polar axis [NS), 
a body on its surface also rotates 
iu a circle witlt the same angular 
speed as that of the earth (Fig- 
71(fr)]. As a result of it, the body 
is subjected to a centrifugal force 
lending to make the body fly 
outwards along the radius of its 
own circle. A part of the weight 
of the body (ivhicli is a force 
directed towards the centre of 
the earth arising out of gr.avita- 
rional forces) is used up ia 
counts-T-baianciiig the centtifu- 
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Snl fcrce and the remainder appears as the of the body. Thus, 

by the centrifugal forces generated by the rotations of the caith a body 
on the earth's surface loses a pare of its iicigbt. Tlic loss of ueiohi 
due to this cause is greatest at the equator and gradually diminishes 
towards and finally tanishes at each pijc [tidf Art. 08 e(«i)] 

Exsnipte, Co/eulalr lAe opparntt vtiyAc of a tody of ene ton mu’) or tkt 
tquetor, tht of tA« earlA <e»9 \fm aultt. 

The appirect weisbe = mttf— v^/rk; 4000 oiles = 4000 X 5230 ft; and 
1 ton » 2240 lbs 

• "»»>’_ a 4l>X*X»87x -* »0xS'a0 ,^ 2 , . , 

r rxf f - (24x60x'^l' 

•=2Stt2pooQ<lalsx .i»t = 777 5bs.-wt. 

Hencs lb* «pp«ent wb of 1b« body<.2040~7 77m^3S2-2S lbs -wi 


I Usplam sleailf how the idto ot *u>eH>r’ of r body is deduced from 
Nenfoa's First Law of ilotios (Fat 19211 

8 Stale ffewten's Seennr) Imio oI dfolinn nnd rtplsin hov it enables yoo 
V4 loVNn Vi'iX,. "i-%, "W, 41 , C tj WS\> 

3 Slate llie Uni of melion whub are anaemed «ith tlia ttauie uf Mewloo 

iR tbcir final font, and odd expUoster/ ootes Jeaiiinc to the definition of • 
force and of tbe niti for its measoienert (Fst 1940) 

4 Stite Ketrtan's Second Tjew of Motion end t\otr bow tltTltng {com Ibe 
lew of parallelo^rarn of telooiiies, ere eaa simo at the law of parallrUff^ani of 
foTcns ^'bsi i.a tbe relation between a poundal and a pound-neisat' (rat 1936) 

5. Slate Kewion'i Laws of Mellon and show bow from Ibe Cnt we nlitain 

a defisitiOR of force aad from llie second a measure of force. (IftLal, 1950) 

6. The anesd of a irain of miae 200 (om ii reilnco') fmrn 45 m p h tn 
10 m.p h. icT 2 mitt Find (<t) the chance in monentum, (4) ihe atcrase talua 
of the retardin'; force 

('Ins. 9,656,000 F P S otiiU; 11*5 toot wt ] 

7 A (ram of rasas 175 ton* has ila telocitr rednml from 40 milrs per 
hour tn cero in H Imniitr^ Calculate the taloe of the reUrditiB force, aasum 


IChanre m moisentuD — 1IC666 ions ft (lec I 
8 IThat nro the utiils in conmon ns for eapreigiPR « forco’ fl'at. I347> 
’ 'q (he dislinclion betnrrm the ebsolote (tirtsuie and the graoita 


of force end sboti how or taaj be expmsen m cecioa oi 

other 

Express the weight of 19 fcfm. m dynes ond the caino of a dyne in G™ wt 

[.Itia IOOOO 3 dynes, 1/9 gni.-w* J (lfa«. lU-Uj 

to Find the pii-sture cxerlnl cm n .ertical wall by (ho water from a 
fire-hose which delivers wafer with a honsenU velocity of la ractres per lec 
from a circoUr noaale of 5 cm diamdet. Tho water t* asiomed not 10 reboond 
[dna 6364x10' djT,j J 

It. Find the uriforia f-iice teqmred fo stop in A distanc# of 10 » 

‘ lorry ronnng tm a level mad nt tta npeed ot 15 mph. Find alio the 
' ilonng which the fore* nets. 

(diu. 1694 lbs. -wt.; 30/11 aec.3 
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12. An automohile of mass 3SOO lbs. moring with a uniform velocity of 

60 miles per hour is to bo stopped in 1 sec. by the applioaiion of a uniform 
retai’ding lorcc. What shoidd be the magnitode of this force ? {C. TJ. 1556) 

[A-ns. 9625 Ibs.-wt.J 

13. A man who weighs 100 fbs. slides down a rope hanging freely, with 
a uniform speed of 3 ft./see. 'What poll does he exert upon the rope, and 
what would Jiappen if at a given instant he would reduce his pull by one- 


14. When a man drags a heavy body along the ground by means of a 
rope, the rope drags the man back with a force equal to that with which 
the man drags the body forward. Why then Joes motion ensure? (Pat. 1928) 


15. State Newton's Third Law of Motion and explain it csvefully. Show 
how this leads to the principle of cooservation of momentum. (Pat, l953, ’55) 


16. Explain witli the aid of a diagram the flight of a bird. (Fat. 1931) 


[Hints.— At the time of flying the bird 
etrikes against tlie air with its wings, but 
as every action has its opposite reaction 
(Newton's Third Law of Motion), the 
loices 04, OS, due to reaction, act in oppo- 
site directions (Fig, 73). If OA, OS repre- 
sent these reactione in nagnitode and direc- 
tion, then by the law of parallelogram of 
forces, the roiultant force with which the 
bird advances is represented in mngniiudc 
end direction by 00,1 

17. A 10 em. ballet is shot from a 
6 kgm. gun with a speed of 400 melrcs/aec- 
Whal is the backward speed of the cun? 

(Dac. 1934) 

[Am, 80 cms./sec.] 

18, Define momentum and impulse. 
State and illuetrate by examples the 
Principle of Coneervation of MomcnUiin. 



Pig. 72 


A 10 gm. bullet is Cted from a kilogram 

gun suspended to move freely. This bullet now eaters a block of wood of mass 
990 gtne. If the speed of the bullet is 500 mctr«a/scc. ; find the speed of recoil 
of the gun and the velocity impart^ to the block. (G. U. 1057) 

[dns. 5 ractros/sec, ; 5. mclres/scc.] 


19. E.vplain ^rhy a force is needed to keisp a body moving uniformly in 

a circle. Calculate this force in terms of Ibo mass of ths body, iU uniform 
speed, and the r.sdius of the circle. (Pnt. 1944) 

20. What would be the Icagth of the year, if the earth were lialf its 
'present distance from tho son? 

[dns. 129 days.] 

21. lii.vplain the following statement bringing out the scientihe principles 

involved : — ‘If a small can filled with water is rapidly swung in a vcrtic.al 
circle, the 'vatcr does not fall down.' (U. P. B. 1941) 

22. Write a note on centrifi^al and centripetal forces. (G. U. 1955) 

23. What are 'Ceutripi^l’ and 'Oontrilugal' forces and wliat are their 

relations with a body moving in a circular orbit? Discuss in detail their 
importance to man. (Pal. 1932 ; 0, U. 1939) 

24. Wliat arc 'Centripetal' and 'Centrifugal' forces, and liow arc they 
directed? Derive the magnitude of cenlrifagal force, and give throe examples 
of its application, 
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25 bipjnm why a (orce is niqiiired to k««i) a hoJf movln;; m a circle at 
itant apeed. \XfiaL ia tlio name of thu force* What liappcQs to the 
in^’ body when the force is withilravm* 

A b.-ill at the end of a string la whirlsii It cotulant speed in a tiorizonlol 
ic 1C the radme oC the eiccle t« 4 f> acul lha apecd oC tlie bait ii 10 ft /si-e., 
iil'ife (lie magiiilridr «if Ifie radi^ aCCcleratitMi (C. U. 1056) 

C ItM 25 ft /tec ' 1 

86 Why tniiat a eyelid lean tnw.-irds to keep his balance when he is come 
111 n eircolnr eonrie at ins'i »p»*d’ lledue* a relation between tl\« tpeed, 
inatiou and the ladius of the ronrse {IItksl.I9£l| 

27 Mhat It the ptoper ansle for banVina a road eroiird a nir\e ol 2EO tl 
lit to iillcnv for arieeds of dOninh * 

' l«> 281* ] 
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CKAVITATION AND GRAVITY: FALLING DODlCSl 
PENDULUM 


W. Hlftorical Notes. — One <by wliih Wntfin was stitn;; 
untkr Bn apple tree in tin gotili-n of hi> tulaxt Itomv iit WoiiWiliorpe, 
.1 ripe apple, it IS laid, Ifil on lu« litad Tina kintplL evtiu started 
him thinking why the appU slwulcl laU towarcN the cettli Tjittc must 
then exist some .'ittr.iciite torct iKtuecn the tatth and any material 
bodv. Itcflsonings on this prolilrm iiliim.itclv IctI lum to foiiiul ilie 
doilunt o£ urnitr«al graiiiaiion 

9S. Newton’S Laws of Gnixttaiion: — flii/ti iwture ettry nmierKtl 

body attractr every other nuitcrutl body loaardt itself 

f_’) The force of altraetton betaeea <mi> fao bodies vanes directly 
its the product of ihetr masses end ttecetsely ers the srfuare nf the distance 

hel-j-reit them 


If 

A 




, and nij he the masses of nso bodies snd il the disrance 
j between them (Ftp. T.‘l i and if F be the 
'irfc of attraction, whith cacli exerts 
n tlif other. F tc ni,i'i, .and also 

ca 1/rf* . 


yj witere G is a ennstant known as the 

Uttnersal Crtititatinii Constant Its 
as determined hy Boss in 181*3 is GB3"(JyUf‘ in Ct.S 
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units- The most accur.nte value of G claimed so far is by Heyl (1930) 
and is (6-670 .±;0-005)xl0~» C.G.S. uniu. 

Let and m. in the above equation be each equal to 1 gram and 
d equal to 1 centimetre, then G=F, which means that G is numeri- 
cally equal to the jorce of attraction between two masses, each oj 
one gram, when separated by a distance of one centimelrc. 

95(a). Determination of (he grnvitationai constant (G) : — 
Cavendish perfon-ned a torsion balance experiment in 1707 for the 
determination of the gravitational constant G. On account of its 
far-reaching importance it has since then become very famous. After 
him C. V. Boys, Poyniiitg, and others carried out more acauace 
measurements on improv^ lines on the subject. Heyl in America 
comparatively recently (1927-1930) used a modified torsion balance 
experiment in an attempt to determine the value of G more accurately. 
The mean value of G by his method which is (O-DTOdiO-OOS) xlO"* is 
now-a-d.tys considered to be the most accurate until no"'. 

Cavendish’s method. — At the end of a 6 ft. beam AB fFig. 7-1 
(<i)] ivcre hung two small lead 
balls P and Q each of two 
inches diameter. Tlie beam 
was strengthened by two braces 
OA and 05 connected to O in 
a short stout upright RO, 
attached to the middle point of 
,.<15. The beam was suspended 
at 0 &am a totsion bead C 
by means of silver-copper tor- 
sion fibre CO, 8 ft. long. Two 
large lead spheres, iW and N, 
each of 1 ft. diimicter, were sus- 
pended at equal distances near 
the balls P and Q, from the two 
ends of a rod, rr. rr could be 
rotated through any angle about 
a vertical axis iriili the help of 
a wheel K, a pulley p and the 
weight W. Thu.s MN could 
be made to take up poatioas 
cither M^N^ of iif.jV, on dthcr 
side of AB [Fig.' 74(fr)]. The 
centres of the four balls P, Q, 

M, N. all lay on the dreum- 
fercnce of a horizontal circle of 
radius 3 ft. The whole arrangement was entirely enclosed in a glass case, 
and rr could l)c rotated from outside and so .also the toc.sion head C by 
an arrangement not shown in the figiure. The observations were made 
tvith two' telescopes T fitted in the walls of the room. 
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In the position of the )ai};e balls, attraction took place 

betiscen P and as also between Q and IV,. These forces cors- 
tiiuje a_ couple •.vljieh turned ibe beam AB through an angle. The 
etjuilibiium position, 'ivhicb a»as diEhcuU to be kept steady, s>as 
determined by the method of oscitbtion from the obscitation of 
the -nvingt. 'Tlie beam earned at each end a setnier that coull 
itiose freeiy on a fixed scale. Tlie temler readings on the fixed 
scales were taken from ouistdo the closed room by telescopes The 
deflecting balls h/ and N were rotated on to the positions Af, and A’j 
such that anrl PA/, were «|iial and the nciv equilibrium posi- 

tions were again estlinai^ as before In this way, the mean angle 
of twist 6 of the beam due to interaction between the two balls at 
each end was known whence the taluc of C was calculated. 


Calculation. — The deflecting force brought into existence due 


to gravitational attraction at each end of the rod , 

where rn,, m, respceiitely .ve the mts.scs of a hig h.nll and .a sm.tll 
b.ill and d is the distance bcmeeii die centres of these b.ills when 
dtG ntean deflection of die beam ts 6. U 1 is the length of the beam. 

the moment of the deflecting ccup'e — the posi- 
tion of equilibrium this couple is balanced by the torsion couple 
of (he suspension wire, se where c—moment per unii tivtit 

^ =■ 7 where 17 ■•coefBcicnt of rigidifv of the wire, I, being its 

length and r its radius. 


Ihrcanlions.— 1 To asoid drauf^ts due to temperature fluc- 
ruaunn and air-currcjiis, Cavendisli housed the apparatus in a 
glass case and obser'auons and adjusnnents were made from outside 
the case. 

2 To atcid possible dectrt>su*ac aitraciions from outside, the 
glass case was gilt-ccnercd TIms piccaution aho scried partly to 
equalise the temperature within the case 

Defects in Cavendish's c^crimcct. — fli The tors-on fibre was 
chick and hcncc 6 was small: (2) The termer method of measuring 
deflection has only very limited occiiracv; (3) The apparatus being 
large, tile teinper.ature fluctuations and hence draughts were not 
c.ip.ible of cloif conuol; (1/ Each spltere also attracted the more 
*' nt small sphere and thus a couaier grasii-atlona! couple tending 
to decrease was present hut not accounted for ; (5) Tlic tods tupponing 
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the large masses M and N tended to increase 6 ; (6) The attraction on 
the beam AB also tended to increase 0. 

C. V. Boys modified Cavendish’s arrangements considerably 
whereby most of tliese defects were mimmised or rccuficd. 

96, Gravitation and gravity : — TIic force of attraction between 
any two material bodies is called grataVolion. The term is more 
specially applied to tlie attracQOQ betiveen two heavenly bodies. 

Now gravity is the force with whidi die earth attracts every body 
on or near its surface towards its centre. If the mass of die earth is M 
and the mass of any object on its sur&cc is nt, die force of attraction 
due to gravity = G where R is the radius of die earth. So 
gravity is a particular case of gravitation and may be called 
earth’s gravitaRon. Tiie force of gravity on body is called its 
w«g7d. 

97. The Acceleration due to gra.vity (g) : — A body, if dropped 
from a height, falls vertically towards liie earth, i.e. as if it would 
pass through the centre of the earth ; its velocity continuously increases 
ns it falls. Tliat is, it falls with an acceleration. Such motion is 
due to die attraction between the body and the earth, i.e. due to gravity. 
^'^^le^ a body falls freely from rest, as in the case when it is simply 
dropped horn a height, it is cNpcrimeotally found tliat the distance 
s dirough which it falls is proportion.vl to the square of ilie time taken 
(vide Laws of Falling Bodies, Arc 110). Tliat is, s=ht- where Ii is 
a constant. This is powible only if the acceleration of falling body 
is constant (cf. s=ui + ^fi* when »=0). Thus a body dropped from a 
height falls vertically towards the earth with a constant acceleration. 

If dicji the acceler.ation j.s constant a hca\7 body ns well ns a. 
light body diopjied from a lieight should reach die ground simulta- 
iieously. Tliat is also exactly what is found c.vpcrimentally. Newton’s 
famous Guinea and Feather experimetii (Arc 110) conclusively 
proved that aU bodies starting from the rest fall in vacuum with equal 
rapidity. That is. ilia acceleration due to ^avity at the same place 
is the same for all bodies. 

Consider, again, .a body projected verdcally upwards ; its velocity 
gradually diminishes and is finally reduced to zero after ivhirh it 
begins to fall doivnwards again. This also dearly sboivs the e.x'stence 
of nn acceleration directed towards the earth due to which the upward 
motion of the body is gradually reduced. Thus, all expcrinicnt.vl 
observations lead us to the belief that any body moving in the field 
of die cartii’s attraction is subject to a cOTscant acceleration acting 
vertically downwards and its value is the same for all bodies at the 
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same place. Tliis acceleration is oiled rite acceleration due to gratiiy 
and is conrentionally denoted by 

Wc have seen in Art 00 that tlie force of attraction due to 
gra>ity \arie 5 intctscly as the square of the distance of a body from 
die centre of the earth So the arccicnition due to gratity (g) also 
Narics in the tame way, according to Kcwion's Second Law tii 
Motion, mass of the ho3y being constant Ir is affected due to rota- 
tion of ilic entth on die axts frtr/e Art. 93) 

Tile \aUiu of the ncrth-raiiou due to gratilv at sea-lciel and in 
latitude 13“ is generallv talcn as the standard for reference for 
values of acceleration The value of g at aeiy place vanes with ii» 
lieiglit above the «ea-lc»cl, being less at the top of a high mountain 
than at its bottom, The veliur of g is Caiislant at the same place. 
but varicii uich the Jiiiitude It is mtiiinium at the equator nml 
mcrcastis jtatiuallv to attain the maMnium value at othci of the 
poles At the equator, the vahio of g is about 978 «n«. per sec per 
SBC, and at the poles, ic is .ibotic 983 ems per see per sec, and tht 
accepted mean v^tluo is taken to be 981 eras per see per see, or 
ft, per sec per see It also cliaiigcs from one place to another due to 
various local condicion«. the discussion of uluch is bi-vond the scope 
of thi* hook 


VARIATION OF g' WITH LATITUDE 



98. Vonation of V- <or the Weight of a Body) from Tlace to 
Let n lie the Sadiiis of the earth ,ind D its mean den'ily ; 
the mass M of the tiirih will be gnwi by. 

A/=JrR’ D, itssimiing the tatih to be a *phtre. 
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(a) Above the Surface of (he Earth.— At a lieight h above 
the surface of rhe earth, the force of attraction on a body of mass m, 

according to the Jaw of gravitation . For such positions 

external to the earth, the mass of the earth may be supposed to be 
concentrated at its centre. 


So, the force of attraction, and hence tl»e acceleration 


r G.M ~] 


due to gravity, on a body above the surfecc of the earth, is inversely 
proportional to the square of tlie distance of the body from the centre 
of the eartli. So will be less, as the distance of the body above the 
surface of die earth increases. 


(b) Below the Surface of the Earth. — Again, consider a body 

of mass m at a depth ‘h’ below the surface of the earth [Fig. 74(«){. 
Imagine a splicrc concentric with the earth 
having a ladius [R~h), i.e. with its surface 
passing through points at a distance ‘h’ below 
the surface of the earth. It is known diat the 
gravitational- force of attraction within a 
Jiollow spherical shell is zero. Here the given 
body is on the surface of the inner sphere, 
but it is inside with respect to .the portion of 
the earth outside the smaller _ sphere of 
radius (R~h); so the outer portion has no 
attractive force on the body. The force of Ifig, 74(o) 

attraction on the body will be due to the , 

. inner solid sphere of radius (R-/«) towards the centre of the earth 
liud is equal to, ' 

=^„G{R-h).D.m, 

IR h) 

where | s{R-hy xD is the mass of the inner sphere. 

Tile force of attraction, and hence g inside the earth, is there- 
fore, directly proportional to (R— ft), that is, to the distance of the 
body from the centre of the earth. 

So, g will be less inside the cardi’s surface, the greater the depth 
the lesser i.s die value of g. Hence the inaxinswn value of ‘g^ is oji 
the surface of the earth, and the value of ‘g* is minimum (i.c. zero') 
at the centre of the earth. 

(c) On the Earth’s Surface.^ — In t'.iU.^f'ase the value of g 
Varies due to two reasons — 

(i) The Peculiarity in the Shape . — As the 

force of gravity on a body on the earth’s su. 'ts h^iiesi^.,-^}^ propor-y 
tional to the square of the radius of jhe e;-^ *nc glass runnel B 
greatest at the poles and least at the cquar'jc'^^'P'cs a lower point, 
spheroid of which the polar radius is the Ice'-c overturned. Rcmem- 

Vol, r_7 
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Hence, ihe centre of grautty ^ a body or a system of biirl'icles 
rtpdly counected together »wrv ^ defined as the point through which 
the hne of ceuon of the xseigU^ «/ the whole body ahtays passes, im 
whatever manner the body niaf be placed. 

(a) Impurtant Notes ora Centre ot Gravity. — (i) 'Phoueh 
the C G. of a body is ft point uhidi the line of action of tnc 

whole weight of the boity passes, it docs not necessarily 

mean tlmt the CG lies within body it«clf in all cases. Far 
example, a circular ring has its C G. in ilie geometrical centre of the 
ring, wliicli is in empty space 

(u) If the sire or shape of * body is cliangcd, the CG of the 
body gets changed, though the weight is unaltered A straigljt 
unilorm wire has its CG. at tlu^ middle point ol jti axil, but when 
the same wire is hem in ihe form of a nng, the centre of the ring, 
which ii no: within the body at bceoities its new CG. 

(in) As the weight of a body acts sertically doisnwards through 
in CC| an equal force applied ibrrc in the opiiosiie direcuun will 
make the tiody remain in equilibrium Thus, when a rigid body is 
supported at its CG, it ren)aiii> m equilibrium, for the reaction at 
the support supplies an equal upwaril force. If ihe body is frcol/ 
suspended by c string, tlic CG of the body will he vertically below 
the point of .ittnehmcnt of tlie siring 

102. C.G. ol Geomcttlcally SymmrtTittil TioiJies r— By applying 
the principles of Statics, the posiuon of CG of different boJici 
tnny be nsccrtaincd. a* will be found in any standard book on 
Statics. But when the bodies arc geomcincalty svmmcincal and arc 
of iimform dcnsitv. the CG in dmr eases can Ik inferred ai well. 
Thus the CG. of,” 

0 a srfft'gbt wire, rod or beam, is at the 

1 middle point or die ads. 

try^Ep \ pj) a P^talldogram is at the intcrseeiion of 

Its diagonal/ 

(«») a tnangular lamina is fouml by liisrci- 
ing .inv two sides and joining die middle {K>ints 
5o' obiaincd t» the opposite vertices when the 
point of inicrsftuou of these medians vsill gise 
the CG. Three equal p.nruclcs placed at tlic 
icTlices of the triangle have also trie same CC, 
(ro) a circular lamina, a citcubr ring, a 
vpli.' or hollow cphcie is at die geometrical 

, , (ti) a cylinder (hoiiow or soYu’i'j is .-it T'ne 

'hfol ilic uIcBe poinf of 1*5 

n ot lh« C.G* of »•* Iiregiilar Lamina : — 
of an irrC?'*l®f lamina, s-i^, an irregnlir sheet 
'termined by suspending it, with the litlp of 
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GRAVITATION AND GRAVtTt: FALLING BODIES: PENDULUM 101 

a Stand O from the different comers of the lamina (Fig. 76). When 
it is suspended from one comer T by a string, the centre of gravity 
lies on the vertical line given by the plumb line TC through the 

f ioint of suspension. Tliis line is marked in chalk on one face of the 
amina. The operation is repeated by suspending the lamina from 
another corner. The intersection of the two chalk lines gives the 
centre of gravity. On suspending die body from the other corners, 
the other vertical lines so obtained will also pass through the common 
point of intcrsccdon, called the Centre of Grarity. 

104. Stable, Unstable and Neutral Equilibriiun : — A body is in 
equilibrium, if the resitltifnl of Ute forces acting on it is zero, and 
also if there is jio moment lending to turn the body about any axis. 

Suppose that a hotly is displaced slightly from its posidon of 
equilibrium. It may happen that the forces acting on the body tend 
to restore the body to its original equilibrium condition, or the 
force inav tend to increase ihc dtsplacemcnL In the former case 
the equilfbrium is called stable, and in the latter case unstable. If, 
howei'er, the forces have no tendency to increase or diminish the 
displacement, tiie equilibrium is called neutral. 

A body is, hence, said to be in stable equilibrium, if it returns to 
the original position, when siighdy displaced from the position of 
equilibrium. A cube resting on one of its faces, <i glass funnel testing 
OD its mouth {A, Fig. 77), are examples of stable equilibrium. 

A body is said to be in unstable eqnilibriun), if after slight dis- 
placement, it moves still fur.cbct from ilie position of equilibrium^ 
A cone standing on its apex, a 
glass funnel standing on the end 
of its stem (B, Fig. 77), an egg 
standing on its eno, are examples 
of unstable equilibrium, 

A body is said to be in neutral 
equilibrium, when, after slight 
di.splnccment, it neither returns to 
the original position nor moves 
further from it. A spherical ball 
resting on n horizontal plane, a 
cone or funnel lying on its side (C, Fig. 77). are examples of neutral 
equilibrium. 

!n stable equilibriutn the -centre of gravity of a body is at its 
lowest position, and a slight displatxmcnt tends to raise it. When 
the glass funnel A (Fig. 77) is slightly tilted, its C.G. is elevated 
.and so the body returns to the original position as soon as it is 
allowed to do so. 

In unstable equilibrium the C.G. is at its highest point, and a 
slight displacement tends to loiver it. WTien die glass funnel B 
(Fig. 77) is slightly tilted, the C.G. at once occupies' a lower point, 
and comes outside the base, and so can easily be overturned. Remem- 



Fig. 77 
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In performing an experimcni rhe di^mnces moved throiigli by the 
right-hand weight P during ihe two stages of motion, (n) Rrst. from 
its Stan from the upper ptatfonn ull the ridcr is arrested, (fi) second, 
from the instant when the rider is arrested till it is stopped on reach- 
ing the lower platform C. arc noted and also the times taken by the 
two stages of motion arc recorded by a stop-\vatcli. Let die two 
intervals of distances be h, und /i, and the times taken l, and J, 
Here h, is to be taken as the distanre froni the top of the upper 
weight }’ at a start to the ring 71 and as the distaticc from the ring 
If to the top of the same weight nm* on reaching the lower piat- 


(i) Detminnnltun of g — AecoitUc^ to the prcvic 
acceleration of the moving bodv' will be raven bv', 

' (i'-rQ)t-p -Jr-i-o ^ 


Assuming the fnrmula, P=ni/. vshich cwtljudtes Newton's Second Ltiw 
of Motion Starting from rest, the bodvt iiiovecl thruugh a dhcaiue 
/i, 111 Cinic f, with ilte acceleraciuit given bv e(|U3iion (1) 


S». s'.’ ■■ P) 

P and Q being known, and h, and t-, being noted, g is determined 
The experiment may be repeated In* altering 7i, at pleasure by 
shifting the pOMtlon of the ring and'nniing t, in each case, when 
the valiie of g will be fnnnd the same 

(ii) Vcrtficatton nj NtvHoii's /awr o/ Afol/on— Here avsume g 
to be known Tlic obi»:rvn] values of A, and t, will lie seen to 
satisfy live relation (2\ for all cahves of h, proving the cortectness of 
the formula for the actelLraiibn / Ki'^n I*! relation (1) This indirectly 
verifies the truth of Newton's ^cond Law of Motion bv vvlucli the 
relation (a) in An 105 is deduced. 

The velocity act^utred by the moving body at the end of the first 
stage of motinti is given by, 



From the experiment it «dl be found that the value of v so 
determined exactly equals A,=fjf. The same result will 

be obtained on charging h, by altering the position of tlie lower 
platform C. Tins verifies Newton’s First Law of Motion, for during 
the second stage of motion, le from the ring 23 to the lower platfrtrm 
C, vV/Kv v.'ivjrb.t*. Of. thit t“a tidisi ai the tain?; are et^ual, the 
vclflcicy once acquired remains unifomi in the absence of anv rc'ultant 
force on tJic system. 

■ In deducing the above relation (1> which gives the acceleration /, 
the tension T "is assumed constant ihrouEhout the string and tins 
assumption is ba'cil on the truth of tlie Tlilrd Law of Motion The 
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'experimental verification of the value of f given by the relation 
.{1) supplies an evidence m support of the Third Law as well. 

(b) fhe Falling Plate Method. — The method is very 
appropriate for rocasurcmcuit of the frequency of a tuning fork 
and lias, therefore, been described in Chapter VI under Sound. 
It will be evident from the last equation of that article that the same 
•experiment may he used to determine ‘g" at a place, if a standard fork 
■of known frequency is supplied. 

107. Apparent Weight ot a Man in a Moving Lift When 
a man is ascending or descending in a lift with uniform velocity, his 
weight exerted on the floor of the lift is equal and opposite to the 
reaction of the floor. When, however, the lift is rising upwards, the 
reaction is greater than the man’s weight ; and, when it is going 
downwards, the reaction is less than the man's weight. 

Let tn be the mass of die man, ft the thrust on the floor of the 
lift, which is equal and opporitc to the reaction of the floor on die 
man, and wliicb may be called the man’s ‘apparent weight'. 

The forces acting on jthe nttin are (o) his weight mg actinia down- 
wards, and (b) ft acting upwards- Suppose the lift is aescetuling with 
an acceleration /• Kcmcmbcring chat, foicc=mas8 k acceleration, 
we have, mg-R^vvf-, R = m(g-f)=mg (l-flg) ... ... (1) 

Hence, the jnffw’j a{>[kjrctit wci^it is less than his actual weight 
'mg’ by 'fig of the latter, i.e. the man will appear to be lighter, 

Similarly, when the lift is ascending with an upward acceleration 
X we have. R-'nig(l-(//g) ... ... ,,, ... (2) 

Hence the man will appear to be hcanicr by ‘fig of his actual 
weight. 

ExaiDpIs. if a man teeighe JC ttanea on a lift tahielt hi$ an aeccleration' of 
■ B ft. jiCT see,”, find Ihf. thtnui ou the fioat tint to t(< tveijAf (i) iv/teii it ascending, 
(li) when it ia detccndhig. 

(/) We have, i?=o'?x(l+//?)=16 sloccs wt.x(l+~ •) * 20 atones-wt, 

{it) In this case, wo have, ^‘=»'?X{1— //5! .... (wife eij. I, Art. 107) 

' =16 slonos-wt.x(l— stonos-wt. 

108. Frdling Bodies : — A very common experience is that if a 
heavy body like a stone and .a light body like a feather or a piece 
■of paper are dropped in .tir at the same dme from a height, the heavy 
body reaches the ground much earlier. Such observations led Aris- 
todc (384 — 322 D.C.). the great Greek Pfailosopher, to teach the world 

. that a heavier body falls faster than a lighter body and according 
' to liim a body of 5 Ilw-.WL would fall five times faster than a 
body of 1 Ib.-wT. Such idea prevailed until about two thousand 
years later when Galileo disproved it in 1589 A.D. He simulta- 
neously dropped TWO heavy Iwdies, one large and one .small, 
'from the top of the leaning lower of Pisa before a large crowd 
'of observers when it was found jhat the two bodies struck the 
.ground Together. Tluis, he made the world kno'v for die first time 
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that all bodies fall uilh etptaj rapidity. Why then a piece of paper 
falls enure s.owly than a stone ? This is so. for v,hea they tall 
dirough air. the air offers resistance to their motion. This air- 
resistance is too great for the ncigiit of tljc paper and seiioiisly affects 
its rate of fall; ivlicreas, this rcsiscancc is scry small compared 
to the ncight of the stone end so the rate of fall ol the stone 
is but little affected. If air could be tcmcncd and both the stnne and 
the paper could be arrang«l to laU freely, i.e. unacted by any opjiasinA 
force, botli of them would fall ivuh the same rapidity. In Calileo's 
time the air-pump. v\as not invented and it was not possible to shovr 
that all bodies, rieavy or light, should fall vvith equal rapidity, in 
the absence of air. Alter the mvenuon of the air-pump in 1050 by 
Otto Von Guerike, Newton concuswety proved the truth of it 
experimentallv by his wetl-knoun Gninca and Filter experiment. 

j09. Wliy fhooM a Material Dody fall to the Earth T-- 
According to the law of gravitation, just as the earth pulls ary body 
totvordv it, the body al.so niids the earth towards itself with the ume 
force, wiy should then the body alone mote to 
the earth and not the earth tov/artls tlve body ? 
Strictly speaking, the earth also must move but 
Its motion is so sm.vll comp.vrcd to that of the 
body that It cannot be talccn notice of. Its motion, 
relative to that of the body, is e'circmely sm.vlt due 
to H9 tompamtivciv huge ma's. for acceleiatvon f 
IV inversely proportional ii> the mass m for the 
same force P according to Newton’s Secoml Lw 
of Motion. 

119. The Laws of Falling Bodies; — 

(I) in tucKum all frodicr starling from rest 
fall tcirh equal rapuhty. 

The atcclcrauon due to pi.vvity is the same for 
all bodies at the ‘tme place but the resst.iiire of 
an influtnccs the rate of fail differently in different 
cases This will he evident by comparing the 
dc'sccni of a parachute with that of a lump of store 
The stone will fall sety quickly and the observed 
difference in Ac rate of fall is uue to the resistance 
offered by the air. the rcststantc increasing with the 
extent of the siurEace of the falling body. Different 
G«iM» F«at!i«r objects in//, hoetecer, fa'l at the same rale tn a 
KKI^nni^i, vactmm where the resfrMnee to motion is nil 

Cainen-Fefllbcr Ecperiroeol.^ — A ivicle gl.nss tube 
(Fig. 80) about n metre long, having a cup screwed at one cnil and 
a stop-cock at the ctlicT is taken. A piece of paper and a small 
. introduced into the tahe. On suddenly inverting the pibe. it 
. and that the coin reaches ihe other end earlier than rhe piece of 
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paper. Next, by opening die stop<ock at which an air-pump may 
be connected, the air within the tube is exhausted. On now suddenly 
invercing tlic tube, it is found that the com and the paper fail together 
and rcacJi tlic odicr end simultaneousiy. 

The following simple experiment also proves the same thing. 
A piece of paper is laid on metal disc {say, a rupee coin) of larger 
diameter and the combin.'iiion is dropped down together. They are 
found to readi the ground simultaneously. Here the disc overcomes 
tile resistance due to air and so the paper easily accompanies it. 

(2) The space traversed by a body falling freely from rest is 
proportional to the square of the time, c.g. if the space traversed in 
one second is x feet, in two seconds it will be Arx2- feet, in three 
seconds a:x3* feet, and so on. 

So, if s and t denote the space and time respectively, s ee t*. 

This can be mathematically represented by the equation, s=^gt- 
[vj'dtf An. 41J, where ^ is the acceleration due to gravity. 

(3) _7'/re velocity acquired by a body falling freely from rest is 
proportional to the time of its fall, e.g. if the velocity at the end of 
one second is x feet per second, at the end of two seconds it is 2x feet 
per second, and at tnc end of three seconds it is Sx feet per second, 
and so on. For this reason, a stone falling from a balloon at a great 
height svill acquire such a laigc velocity that it will strike the surface 
of the earth almost like a rifle bullet. So. if « denotes the velocity 
and / the rime, t>«f. This can be mathematic.Tlly represented by 
the equation, v=gl [vide Art. 40). 

111. Notes on (be verifleation of Galileo’s Laws of Falling 
Bodies.'— Tlie Atwood machine (Art. 105) may he used to verify 
Galileo’s laws of failing bodies too. But Ac method, though d'rect, 
is only a rough one and the interest of die method lies in its 
antiquiry only. The chief defects are, — the mass of die pulley which 
cannot be neglected, the friction of the pivot on which the wheel 
turns and the air-resistance. 

A body falling freclv from rest acquires a very large velocity after 
a short time, the acceJcr.itioii due to gravity being large. To measure 
this velocity in a laboratory is a problem. Moreover, in Galileo’s 
time clocks- were not accurate enough to measure rhe short time 
involved in such a me.asurcment. So Galileo used an inclined plane 
down which the motion of a rolling ball is much slower.^ A com- 
ponent only of the vertical acceleration depending on the inclination 
of the plane to the horizontal operates in this case to make die ball 
roll down. Thus, to test the nature of the acceleration due to gravity, 
he first, as it were, 'dilutecT it to malce measurements easy. 

(a) Verification by the Inclined Plane Method.— A fairly long 
wooden plank DA. say, about 4 to 5 metres long, is held in an 
inclined fashion (Fig. 81), there being a hinge at A about which it can 
be turned and thus its inclination ff to the horizontal can be altered. 
A straight groove is cut on Ac plank from B to A and a marble ball 
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loa 

when released from the top tolls down the plant alon^ the groove. 
Commencing from tlic top of tlic groovy Galileo marhetl oft positions 
a^, n,, Oj, II,, a,, etc. along the grttove. malting the intervals oJ 

successive distances ptoporttortal to 1, 4, 0. 10 if. proportional 

to the stiuarts, V, U*, y*. 4* Suppose these intervals arc 10. 

40, 00, IhO ems , etc The ball moves when released from the top. 
with an accelcrarion whirl) increases as the tnclin.iilon of the pl.tijk js 
increased The Incliiv^tion of the plank, is at 6isi st» adjusted that the 
ball tolls down a distance of, say, 10 ems in the first second. Galileo 
started die hail from the lop and vcrilied that the times of its des- 
cribing the malted intervals were proportional to 1. 2. 3, 4. ..sees, 
Hence the distances dcwrihcd from rest were proportional to the 
sunnrrs of the times Tliis venlk-s lliv second law of GaitUo for 
.•in inchneJ plane Now |hi« could be so, oedy if die acceleration ii 
constant (cf. y* nt + TJic same result was cbialnul when die 

experiment was repeated wlili balls of dilTcreni masses This proved 
That the acccleratiut] js independent of the masses and is consiani at 
the same place for a gtt?cn mcfinolion of the plarte As the inclination 
w.a.s increased, tlic accelcraiiun mcicascd but rem.nnctl ronstant for 



any given inclination From ihw he argued that when ihc inclination 
IS icrucal. this should also be constant, or, in other words, the 
acceleration due to gtaviiy at a place is a constant quantity. TTii* 
verifies the first law. 

To nif.isiire time Galileo used the lollowirg device which nay be 
called a watcr-clock. He toidc a %€^el of large transverse section 
haling a hole at the bottom. At the hole w.u dosed by tlic 
finger and the vessel filled with water He removed his finger when 
the hall was started and the escaping water was coltcctcci When the 
ball rtaoVicd a math, he again closca the hole awl 'be waier tnbecteii 
in the meantime was weighed. TTits weight gave a fair measure 
nf tile time elapsed, for the former is proportional to the latter 
Jipproxiniaidy. 

To measure the velocity acquired by the hall at the end of the 
I'S., or 2rtl , or 3rd , ctc.-8cct„ a smooth platform is held horiionially 
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at die position a,, or or a,, etc. respectively as the case might be. 
When the ball falls on the [da.tform at a position, or etc. it 
moves forward over the platform with unifocm velocity, the velocity 
being equal to diat which the ball acquired in toiling doivn upto the 
position concerned. The velocity is measured by finding the distance 
travelled by the ball on the liorizontal pla.tform in a given rime. The 
velocities, ivhen so determined, at c„ a,, a^, a^, etc. will be propor- 
tional to 1, ‘2, 8, 4, etc. Sees., i.e, proportional fo time. This verifies 
the third law. 

112. The Fading of Rain-drops A small rain-drop does 
not fail so quickly as a larger one, as the rate of fall of a smaller one 
is retarded more by the air. 

The resisranre of air is proportional to jhe area of cross-section 
through die centre of the drop, i.c. xir x (radius)*. 

But the weight of a drop <c its volume ocj x (radius)®.' 

Hence wlien tlie r.idius increases, ie. for a drop of large size— 
the weight increases more rapidly titan the rcsbtancc of the air. So 
a larger drop falls more rapidly than a smaller one. 

It has 'been found that the maximum velocity of a very small 
rain-drop of diameter equal inm. is about I'S cms. per sec., 

and that of a larger drop of diameter equal So 0'4C cm. may tic about 
800 cms. per second. 

113. Bodies projected Vertically Downwards If a body ho 
projected verdcally doivnwarcls ivitli an initial velocity u, the equa- 
tions of Art. 89 become, 

V = u+gt, where V is the velocity after a time t; 

s = ut+igt\ „ s dbtance mien through ; 

ti*=«*+2gj, g being tltc acceleration due to gravity. 

114. Bodies projected Vertically Upwards ; — If a body is pro- 
jected vertically upward."; wjili an initi.tl velocity ii, we must substitute 
—g for f, and the equations of An. 118 now become, 

n=H-g-I; s==ui~lgt-t v^<^u^- 2 gs. 

Greatest Height attained.— At the highest point the velocity 
of the body is zero ; so if a; be the greatest height attained by the 
body, we have 0— »»* — 2g*'. 

Hence the greatest height attained=«®/2g. 

Again, the time t to reach the highest point is given by, 

0=M— gt, when 

Similarly, ti/g tvill be the time to rcadi the ground from the 
highest point. So the whole time of llight=2K/g. 


Examp^les. (I) A Voi!t/ it thnnea verlieaUg vpvardt wilk 
rcr soc. Pint! (n) Aoiu fiiffA il will rise, (fc) Ihf. time ialxn 
Voint, (c) (Ac time of ita reiarning to (Ae graend. 


a velocity of 10(1 ft. 
to reach the highest 
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(a) Here, « = J0O It.. ■ 

W’e hav« — 2j>, 

.•.o-io:'- 2 x 33 >!:» s 


1 tlie pMat; gaSZ ti./Efc ' 

... *^M5^»1£62SU. 


(6) 

We h»ve 


•< = 100 /t /tcc., ••=0, gs!2 U jat! *; t- 
0 = 100-3?/; /=l“=3ii*c. 


<=) n«T« u»iaHt ./»«.5 J=23 tu/*<c.‘; 

We h»\e « = vl— er, 0=»i— ij<*j 

or, t(o_i7i)«0. whence eUW *<<^0, whKh u n 


Tvo tioura 0 


_ 2X100, 


61 8 


e pro/fttrit terttcoUy ajmitidi at the tame xeitint. One 
lie n in.jn.j cAoft tAe elAcf on«l •»««•»« ta earth S tecaitdt later. Find m* 
vcioeititg of uf tht $lw>et IF^SJ /< per etc per irc.) (C. V. tflS) 

M lli» higheiV point w wrll te tnvmentmty ure, » we he"'*, 0»u»— Sje, 

«r, •= - . for eaa iteoe For tlia ether «te.>e, t+llZm IL . , 


112« 


( 1 ) 


-1Z8 


(^-u) (x.-fl j. », +»_ 

hi ’'‘4“' a 

l, aiui «,-«=32, iroin (2j 
t /tre . erd u=06 (t /t<« 


n a ttJloon ei a AetjAl of SOO feit aioit thr ifravrcC 
It reorAee the fjfiiiind m 6 treonde H hut vae the vt/ocity of the haltaon jutt 
ic tnome'it trAcn the etane rear dropped f {C, U tSfi) 

tt the Rioioexit when the eteiie wee «lre|ipc<l, it v^as inovirg epwarJi v>jlli 
seme tekcily ae (be Latloen 1 /ct tbie vrtocitjr bo a it per ecc upwards 
lerc u IS ncR3tiir, and s is positt^eaod (be stone is fallmg dawnwarijs. 

Here, u= ' , 8*200 II . *=6 se-^ s 5-53 {t 
Vo bttvc, / = {-a)t + 5 r, or, £0O=-«x6+ix32x6' = -« 6+576; 

•, 6ii = 576-200 =376, or, IL per oec =62 6 It lita 

i) It u reqvirrJ to pirr« ■ 
rifle hvllet fired iioTwri/ioIr 

6oi-e c velocil;/ of ^0 ft pr • • ■ ^ ' 

«/ /rate the niuf?/r of the ' 

i mile= =1^0 ft 

lore 1=40 it /see ; i/ = »j 7=32 ft /sec.*, *=1320 ft. 

Vc base, 40*=o*+2if8, cr, «r»ir*+2(-^X1320: 

«> = «l=+MxJ320=liea»j •'=2«34 ft. per s-c. 
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PENDULUM 

115. Historical Note: — Galileo appears to have been the first 
Eo make use of the pendulum. One day when in the Cathedral at 
Pisa, 1593, iic was watching a swing lamp and noticed that while 
the oscillations of tile lamp gradually died away, the time taken by it 
to make one oscillation siDl remained the same. He timed the o.iiila- 
dons by beats of his pulse. This discovery, he pointed out, could be 
utilised to regulate docks. In I65S Huygens actually used the 
pendulum to regulate the motion of clocks. 

116. Some Definitions : — 

The Simple Pendulom. — A simple pendulum is defined as a 
/lemy particle suspended by a teeigWess, iucxteitsihle but perfectly 
flexible thread, from a rigid support about which it oscillates w thout 
friedon. In practice, however, a small metal bob suspended from a 
fixed support by a very fine long thread is jaken to be a simple 
pendulum. 

The Compotind Pendulom.— Any body capable of o-c'1'arag 
freely about a horizontal axis is known as a compound pendulum. 
The metallic rod carrying at its lower end a heavy Icns-shapcd mass 
of metal, known as the bob. acting as oscillator, in a clock Is an 
otampie of a compound pendulum. 

Iltc Seconds Pendulom.— it is a simple pendulum which takes 
one second in making liolf a complete oscillation (t'.e. one vibration 
or swing). So it has a period of two seconds. When it is said 
that a pendulum heats one second, it means chat i[ takes one tecond 
to make one swing. 

117. Some Terms s — 

Length of a Simple Pendulom.-— It is tire distance L from the 
point of suspension up to the centre of gravity of the bob, i.e. the 
distance between A and B [Fig. 

8;2{a)]. That is, it is the length 
of tlic suspension thread plus 
the verdcal radius r of the b:b. 

It is also called the effective 
length of the pendulum. 

Amplifudo. — The m a x i- 

m u in .^^guIar d.splaccincnt a 
[Fig. 82(6)] of the bob. mea- 
sured, on cither side, from its 
undisturbed position ('riven by 
the vertical posit'on E) up to 
the extreme position as shown 
at C or D, is called its ampli- 
riidc. It should not exceed 4" 
for the motion to be simple har- 
monic [vide Art. JIQJ. The Fig. 
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amplitude of a simple pendulum gradually decTcases as the bob 
swings, on account of air-tesisionce mainly. 

Time period (or simply. Period). — It is the time taken by a 
pendulum to make one complete oseillation. One complete oscillauon 
comprises fao swings — one forward, another backw.ani An oscilla- 
tion is usually reckoned from the extreme position D [Fig. B2(?>)I 
to the other extreme position C and b.ick to D next time; or, from 
ihe undisturbed position E (pendulum serttcaD when. sav. it is 
inot ing to the righr, until when it passes through the tinclisturbcd posi- 
tion E again moving in the same direction as shown by the ariovis. 

One wbretton means the motion front one extreme position. »av, 
D, to tlie other extreme position C, ic. it is half of an osctll.xiioii 
Frequency. — It is the number of complete oscillations made by a 
pendulum per second at a place Thus, if «»=Trccjucncy, .and »=iime 
peiiod, itfsl. or, n = lft. 

Phase<— The phase of a pendulum gi'es Its state of fUspl/recmertt 
find ntelioii at any partictilar instant, te. it dcrermines the position nf 
the penditlnm tn die path of iiioiiun and also ilie direction of tiiution 
at that instant 

118. The Latrc of reiidnlum The laws of oscillation o£ a 
simple pcntliiluiu are gisen by die following relation— 

where t — peiiod of the pendulum . /acdecusc length ; g»acceIeratioR 
due to grJMty .ar the pwee of osolbtion 

LaiT 1. The osatlaiions of «i prntttiliiiH are ttoehroiious— That 
is, a pendulum takes equal unie to complete each oscillation whateier 
IS the amplitude, nrondr-d the latter is small (within T) $o ume- 
penod is iiidcpeiident of the iiiiplitudc of sibrauon 7‘lits is alsn 
Atiomi as the latr of isochrooisiD. 

Law 2. The period of oscsUanon of « pendutimi vanes ihrcitly as 
tlir square Tool of the Icnf^h Alaihcmaticallv. ttsz^l, Dt l,'l‘=n con- 
Ftanr for the place of obsersalion Tims. *f 'he length he inerrased four 
times, the period becomes double. T/m is hnerm as the law of length. 

jpjotP.—'riie length ol a pendtilui changes with tcmpciaiwte' so 
the penod / of a pendulum changes with icmperaturc ] 

Law 3. The penod of oscillation vanes itn-ersely as the square 
root of the acceleration due to grottty at the place of oliservaiion. 
This is L-jur.c-ji as the law of accelcrafimi. Mathematically, t 
or l’xg=a constant, for the same peudulatn. 

Thus, if g be greater at a place. » wiB be kss, i.e. the ptnd-ulom 
''fimU vibrate more rapidly 

' law 4. The period does not depend on the mass or matena! of 
lx>b of the pendulum, provided tlie [enfdh remvns constant 
IS tiioecn as the law of mass. 
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119. Simple Hannooic Molion*: — A body is said to execute 
simple harmonic motion (abbreviated as S.H.M.), if it does a to- 
and-fro periodic motion in a stra^hi line such that its acceleration is 
always directed to a 6xed mean position in that path, called the 
position of equilibrium, and is proporrional to the displacement from 
that mean position. 


120. Motion of a Simple Pendolnm is Simple Harmonic : — Let 
the bob of mass m of a j^ndulum of length I [Fig. 83] be displaced 
through an angle 8 from its undisturbed posirion B to die position C. 
If g he die acceleration due to gravity at dte place, the weight wig of 
the hob can he resolved into two 
components mg cos 6 acting along 
CF, the direction of the string which 
is kept taut thereby, and mg sin 8 
acting at C along CE at right angles 
to CF. The former is balanced by 
the tension of the string, while the 
latter tends to bring the bob back 
to its original position B with an 
acceleration s sin 6. If 6 docs not 
exceed 4°, sin 8 may be taken to 
be equal ro S and so the acceleration 
of the bob, g sin 0=g8. After 
crossing tlic mean position B, ivhen 
the bob moves toivards BD by virtue 
of its inertia and acquired velocity, 
the acceleration acts in the opposite 
direction, t.e. towards B and so the 
morion decreases and vanishes at 
the odier extreme position D, when 
the direction of motion is reversed. 
should oscillate at all. The accricration, it is to be noted, is always 
directed towards the mean position B. 

. arc BC displacement 

jj.om, — jengtji *“ length of pendulum (/) 

.'. Accelcration^g.®-^-^' x displacement ... (1) 

That is, the acceleration is proportional to the displacement, because 
g and / are constants for the pendulum at a gb^n place. 

Thus, acceleration being proportional to displacement and always 
being directed to a fixed position B in the path of motion, the motion 
is simple harmonic, according to the definition of simple harmonic 
motion. 



Fig. 83 

This expiaitts ta/iy a pendulum 


* For a detailed frealmeal of S.E.M., aeo Chapter II on in Sonna, 

Part III of til’s volninc. 
yol. 1—8 
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nfTEKUEOI^TB iii\eic 3 


- Tliough a pendulum condnttn to oscillale for a long time. it. 
lio\\ever, gr.ndually stops rhit* lo the rcasiance of air and the fnciion 
.at the point of tusnenston ; othcmise a pencliiliim would hive 
-osullaied for eter. h.nd there been no stich resist.incc to stop it 


121. Period of o Simple 

motion of a prndiiUim, which is 
-Arc 10, Part lUl. 

Acceleration 

DisplaccRieQc 

■(t)’ 


rendiilum Matliematic.illy, the 
simple li.irnionic, is giien by [ttVe 

Bi*. wlierc «» = angular tclodfy 

where ^litiroc-pcrioil. 


acceleiation 




]22. Veriilcation of the fows of Pendulum 


Law 1 (T/if Ltm of /roc/tromsni)— Tf> tcrifv the ff't law, note 
with 3 »rr>p-w.arch the total time of. say. at> oscillations with (IlfTurcni 
amplitudes, keeulng the length constant. It will he found that the 
period t in earn case lemaios constant 

It should he noted that the 
Jaw is true only for small 
angles of amplitude (about -1*) . 
so' wlten noting tlie times of 
oscillation with different am- 
pheudes, rate should be taken 
not to exceed the maximum 
limit of 4*. 

LasT J. [The lur-f of 
Lmgih) — Find the verKc^l 
ludtux of the bob bv means of 
a slide callipers, and hence 
determine the lengdi from die 
point of suspension up to the 
centre of graiity of the bob 
Obsene the time inker for IICT 
complete oscillaiioas. and thus find », the period. 

Change the length of the pendulum and again find the period In 
this way get several values of flic period for the cotmponding lengths. 
It will i>e found that t oc w® lalue f/r* wiil be a constauL 



Fig. 84 
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Law 3 (The Law of AcceIeration).~This law can be verified 
by taking a pendulum to different places having different values of g. 
It ivill be seen that at a place 
where g is greater, the vibra- 
tions will be quicker, t'xg 
will, however, be found constant 
at different places for the same 
length of the pendulum. 

Law 4 {The Law of Mass). 

— Keeping the effective length 
of the pendulum the same in 
ever}’ case, if the bob be 
replaced by another one of dif- 
ferent size or of a dUferenr 
inajcrial, it will be found that 
the oerietd i remains unaltered. 

By performing tins experi- 
inent widi bobs of different 
substances (such as wood, iron, brass, etc.), it can be shown that the 
acceleration dvo to gravity at the same place is the same for all 
bodies. 

Graph. — Draw a graph with the length f {along tlie X-axis) and 
lime period C (along the r-axis). The relation between / and t will be 
an arm of a parabola (Fig. &!). The graph (in Fig. 85), which is a 
straight line, represents jhe relation between I and J®. From any of 
these graphs, die length of the pendulum corresponding to a given 
time period of oscillanon can be determined, but it is better to take 
the help of I and graph (straight line) for dtis purpose. 

123. The length of a Seconds Pendulum The period o£ 
ti seconds pondtiliim is 2 seconds. Hence from the formula for the 
period of oscillation, we have, 

1 = sa/I: or, i=X ( 1 ) 

V g a- 

So the length of the seconds pendulum changes at different places 
'depending on die value of g. 

Taking the value of g to he 981 ans. per see. pw sec., the 
length of the seconds pendulum becomes [from eq, (1) above], 



Taking the value of g to be 32-2 ft. per see. per sec., 
= =3-26 ft.=39-12 indies..' 
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Graph-— To determine the length of ilic seconds pendulum from 
rhe gr.iph, draii' the 1 and /* graph (Fig 85) and find the length 
currespoQdtng to <’s=4. 

124. The Value of hy a Pcndolum t — By carefully measuring 
the length and the correjponding period of a simple pendulum, die 
value oFg at any place can he determined from the formula, 

1 = 274 / i-; whence e-*— ^ =4c*x -4-. 

V g I < 

Tlius. when the value of //l* at a place is (say) 21 81, g is given hy 
g=4a*xi/^‘=4x0-87x2181«080-63 ems /sec.*. 

12£. Loss AT GaiA of Ttt&e by n Cttvck or Change of riace 
ITtc loss or gam of time depends ou (o) the latitude of the place as the 
value of g varies with the latitude of a place (Art 09). g U 
tninimum at the equator aod increases craduslly towards a pole. 
But os the time-period I of a simple pendolnm vartc* inversely as the 
square root of g, the peuud t of a pcudultiiii will decrease as it is 
ta\en from the equator to a pole $ 0 , a pendulum clock will gradually 
gain time, ie. uilf go fast, when taken from the equator to a pole. 

(h) The loss or gain of time ahn depends on tne height of a place 
above the sea level As the value of g diminishes with the distance 
above and also below the surface of the earth, the time-period t of a 
pendulum clock will Increase, and so the clock will lose time, te. will 
go sloaer when taken to the top of a mouniam or to the bottom of a 
mine. 

12£. Measurcmcot of IleigM of a Hill 

(t) By a pendulum expettment^ 

Suppose^ and gf are the respective 
value* of tisc .\reelcraiion due to 
Hr.sviiy at the boitoni and at rhe top 
of a hilt as measured hv a pendulum 
experitnent Tlien, as shown In An. 

101). at tlic bottom 
C Ar' 

g= , with usual notations, 

where R = radiws of the earth (Fig. BG). 
Acee'cration g" at the top of a 
5 ^ hill of height h will be given by 

I 1 g'= From the above equa- 

Centre ^ SartH tions 

g ’ {R*hy ff 

■f(~ It* ' K "Vg' 

Thus, if R is given, h will be known when g and s' are experi- 
mentally determined. 
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(it) By a Clock . — 

Suppose, a dock gives correct drae at die foot of a Iiill and loses 
fz secs, a day at the top of if. 

Then, at the bottom. 1 ... ■■■ (2) 

tvhere l=!engtli of its pendulum, which is really a seconds pendulum 
and at the top, where it makes ^6400— n) strings in 86400 sees. 


86400 . rr 

S6400-W "■ V g> 


From (2) „d 

n.. .. 86400 

From (1) and (4). = mr— 


(3) 

( 4 ) 

(5) 


Thus, /; will be found, if R is given and n dcteimincd. 

127. The Disadvantages of n Simple Pendulum 

(») In obtaining the formula for die simple pendulum, the 
thread was assumed to be weightless and all the mass of the bob was 
assumed to be concentr.atcd at its centre, but, in practice, neither of 
these condidons is strictly true. 

(it) The formula for the simple pendulum is true only for 
very small amplitudes, and corrccaons should be made foe large 
amplitudes, 

(Hi) Correcdons should also be applied for the effect of resis- 
tance on motion, and the buoyancy of the air, which raises the centre 
«f gravity of the pendulum. 

(iu) Errors are also introduced due to the slackening of the 
tliread when approaching the limit of swing, and due to the friclion 
ct the poiai of suspension which may in.terfere with the &ec move- 
ment ot the pendulum. 

Examples. (I) find tTic Itngth of a seconds psndalam at n place where 
[C. U. 191S, 1919) 

For a simple pendulum, we bavc, 

Tot a seconds pendulum, f=2secs.; 2=2 X~\/q^ 

Hcnca J=_££_ xS31=99‘5l cms. (neariy). 

(21 yico pendoh/ms of lengths 1 mefre and tl metre rcspectlvthj ftart 
sirinjinj together with the jomc amjiitnde. Find tie nvmber of swings that 
will be executed hii the longer pendalnn hefere thtg \ciU again firing logelhtr 
(7 = 9T8 cms. per sec,'). (C. V. 1909) 



IXTERMEDHTn niySJCS 


Ltl t, and t, Lh l),e prrioda of (ncillUion of the v'^doliima of IctiKlhj 1 
nietrs And 11 in^lre rrspi>rlu»)y; 1 »et(e>«100 cinj. ocd I'l raetre = 110 rmv 

T5ifB -Kg hm, f ; and 

* 878 V j7g 

Suppose khe pendiilaui of 11 inrlre length maUei ti, iwiti^e, and the olhej 
mahes (Aj-l-n,) awin^'<j lieforo Ihey again suring t^etlier • 

then, or, .. (I) 


ox „ „ . lOf ^/TIJ+Ml „ 

‘ ^IIO-IO ' 10“ ' 

(ne»»ly) = -^», {near!?) 


To g«( a uhele nutPl^r, th* least taluo for ", is Z. and tlierefriri, >l,'>^41 
(nearly] 

(J) SvppoftKg u ptndulum <9 (e <0 roit'lru'ltd fhot tf hralt te'oiiJt at e 
flett trhtrr htne vj’Jd <(s Unyfh htir. Oi it ri«ui’it m d, may 

6eul er.rrtnJii al ti ftnct viirn gaSi^f 

Ths period of a seconds yendukem is 2 soconAs 

IVe hail-, taZ-A/^ tlinu-e ZsZ-a/ F. 

' C * oeo 

As.,., 2-2.V5 ■ Vi^-V,4 

/, 340 f - ”■ / 

' 7 "mo ' 49 

Hence the lenjih faas ** k* shortened to <>• I’s onrH'al loii.:ih 

{i) 4 pemlalum MhKh i'Oii: •rrandn a plori vh’re q= 1‘* it triltn to 

a pJoce where p = P?'f>7 IJutp mony seewirfa ifoeo it fwe or ynia in n day ? 

La i, lie the original period and S> tho now porio*! of the pondiitum In 
thu case /, u erjual to 2 secs, bat this fact is not rcTUired 

Itccansc period «e-^ . »o halo t, >- and "o the pcadiiljm will lose tim- 

Let n = no of «e« lost per day The mioiW of sees In a day is 24xG5Xt*- 
orf:6400. (a£4C0-iiit,=86«»X»,S 
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(e64CO-n) = 8640OX -p=86<tt)0x =86400^1- = 

= 86400 ^l-lx appros.=86400-4; /. n=4 sees. 

HcncD llic pendulum loses 4 secs, per day. 

(5) A penfl»?»in ichith kealx tteondt at the Equator gains jive mtnnlcs per 
flap nt the Pahs. Compare the vtrfues of g at the tKO places. 

Let g, and t., denote tie valne of g and period respectively at the equator, 
and g. and t, those at tho poles. 

Because the pendulum heats sccouds at tho equator, t, = 2 seconds. 

tVe have, : or. 4=4^='^; or, ... ... (D 

g, ' Oi 

Now, at the poles, the pcndnlnm gains 8 minutes per day, that is (5x80) 

_„LXi2_sec. per sec,. 

24x60x60 

.2— see. in one complcie oscillation, 


seconds b (24x60 x 60J secs. It gains 
nr. it gains sec, in one vibraiiou; or. 


Because it gams see. in one oscillMion, its period, 
• ^674 f ... 288’ 

Prom (1) and (2). * 


S74 


2^-_ ~ 

‘*~'X^5 X 4.,.287? 


fff) A 7icndu/i;m of length^ 1 Xostt S si 
6c sftorfeaen to hcep correel fi'mc ? 

Tlicre lire 86400 seconds In a doT. t 
il heats (66400-6), or, 86305 limM in on< 

86400 

Time of one ribralton (time of one swing). It-, (aud...not 1 see,), 
But the lime of one swing, i.c. hall oscillation b rtjllg. 


In order to h 
by X. In this Ci 
vibration becomes 


Then wc have, =lr — i- = l 

F„«, (1) ™,1 (2), .= f-O’ -’-(I+Sis)’ 

_ f 14- 2XS , gip_ \ _i froni Bino 
"V 86595 / 

= —1?— (neglecting other terms). 



12i 


l.VTEKlfEOUYE PlI^KICS 


J30. Christian Hudgens (1829— lf.95): A Dutch L’livtcist 
and contemporar)- of h’guton He ranVs with GaUco as an 
Jrnesiigator of Nann-e, His chief claim to immortality tcbtts to 
the development of tlie \va\c tbeoiy, thoujth his ■ronulbuiions id 
Mathematics and Asttoiwmy are no less He dsscovcreil the Onon 
Nebula and vas the inventor and pei/cctor of pendulum clhc^ 
Elected to tVie Royal Society of laandon lie dcriveretl in 1C03 his 
famous lecture ciiirg the ians for the collision of elaiiic Ixidies He- 
thoroughly studied the properties of curves, particularly the Cycloid. 
He died a bachelor. 



131. Sir Isaac Ncvvlon (10l2~l727).— An English I’hjsidst 
anti Mathematician and a gemus with few equals The fDUnd.vtinns 
nf most of our phvsicnl 
sciences rest on* his 
cJiffcrcnt works His 
treatise Prtnafria iv 
3ts imtnoTcal gift to 
posterity. In tr are con- 
tained, amongst nthers. 
ihc foundattons of Me* 
chanics--the laws o( 
motion, given in Latin. 
.■>0(1 tlvLir applieaiionv 
to motion Cl heavoil-v 
bodies under graviraiion 
Hr Has horn si 
Woolstliorpc, Jjneoln. 
shire, England on the 
Christmas' day of 1012. 
n povtiiiiiroiis son rroin 
his bovhuoil he u.i« 
philosophic ill icmpcra- 
jnent Fxlucatccl .it the 
Tiinity Colirpe, hr re- 
ceived the MA dc-gtix- 
from Cambridge in 
IWl." TFiat )iar the- 
llach pJugiKT broke ■ 


> ' • . •: T"'' .-'/•J 


.. 




•'r i 


and he 
W’oolvthorpc 
during the 


jved 


ha nuxlc the 


K eatesr discoveries. Once nbilc sitting under an apple vice vii his 
line garden, it is said, a ripe apple fell cm his head. Why shoulcl the 
apple fill towards the carth> He thought -md concluded that there 
muse be some attractive force between the earth and anv material 
body He knew ilie three laws of planetary motion which Kepler 


GRAVITATION AND G1L«TTV: FALLING BODIES: PENBCLUM 123 

had discovered before, as also die Galilean Ians of falling bodies. In 
nearly a circular path the mtxjn mores round the eardi once in a 
month. A force is necessan- to keep the moon in its orbit. The 
question arose in Nenton’s mind — was this force of the same nature 
as the force which makes an apple fall ? He founded the doctrine 
of universal gravitation from reasonings on tliis question. During his 
short period of stay at AVoolsthorpc he also worked out the principles 
of Diderential Calculus, for he found that the existing maiiiematical 
kuonledgc of his times was not adequate to deal ititli the problems 
relating to continuously varying quantities. He next devoted his 
attention to the studies of optics and revealed the composition of 
white light by the use of a prism. He also adianced a theory on the 
propagation of light, namely the corpitsctt/aj^thcory. He was a great 
practical optician too and constructed' a'" reflecting type of telescope. 
He also worked on the viscosity of fluids. 

In 1669 he was appointed Professor of Natural Philosoph 5 ’ at 
the Cambridge University. He was elected to Parliament and acted 
for twenty-five years as ihe Presitient of the Royal Society and was 
knighted by Queen Anne in 1705. A remark of his made at the 
death-bed show liow modest he was diough so great. He said, "If 
I have seen farther dian others, it is by standing on the shoulders of 
giants.” Ac the age of fifty he developed 
a nervous breakdown, after wbicli he did 
not do much scientific work and turned to 
..^....iiltologv. He died at the ripe okl age of 
cighty-live, a bachelor and was buried at 
Westminster Abbey.’ 

132. Henrj'Cavendish (1781— 1810):— 

He ranks widi Schecle. Priesdcy and Black 
in founding die science of cbemistry. He 
belonged to a noble and rich family of 
England and lived a life devoted to science. 

He discovered in 1771 that Hydrt^en and 
Oxygen when burning together form water. 

His researches on tlic chemistry of the ait 
practically led to our present knowledge of 
the composition of the alt. In 1773 his 
electrical investigation led him to establish 
the law of inverse squares for electric 

forces. He successfuUv measured by means Hsury Cavendisb 

of a Coulomb Torsion balance the force of 

grai'itational attraction between two lead spheres which he set up. 
Perhaps this was the first time that such a small mechanical force tvas 
expcrimcntallv measured bv anv worker. He calculated the value of 
G, from the masses concerned and their distance apart. This enabled 
Iiim to calculate the density of tlie earth and so “Cavendish is often 
said to have weighed the eanh.” 




mtMKDlATE ravsics 


Qutstions 


jVj '* iD'’»al tj tbs i^taae **C«asiattt cf graiitatioa i 

2 Caicniats the masi ei the aaa eirra (hat th« disisnee 
Ihe^eanh^i 1-49x10'^ tm. and Cf».666XlO-* e.ga. unit. 

4 347X10*^ ib ] 


I’a'ko Ihe year 
(P. U. 19-121 


3 A body 11 weighed at tb« sartace «1 <lia earth, at the •calcvel and al 
the top of a mouataio. State, in grntml tenni, linvr the (miilian will afTeet 
(ho weight and taaaa of s body. Cue reuosa for your anancr t» far as 
<C. U. 1920} »/. Vat. 1052) 
4. Stato where a body weighs more — at the poles or Dt the equator. Gure 
reisoBs. How do you prose tbia dilferroca in weight eapcrinjenlaliy’ 

IC. U. 1951, '40) 

S Dtslinguish between mast and weicbt. ITew are the msts and weig)tt 
of a body eSecteJ hy vortsliont of laliluSe* ti weight an essential nronertr 
Of rnnUer' fO, O IW, <f Nag U. 1050. Tat iOS) 


7, State Hewton'a law of gravitnlioo Obtain an psprraaion tnr the 
aeseleration due to gravity m trrtns of tb« naas of tbe eerth, tlio radius el (he 
earth, and Ihe crtMtaiioni) conitent (It U 1955) 

a What la meam oy "aeceVniion ot gravity*’' Tlow do yoo prove 
that it vaiiis from nUee to place on Ihe oarlh'e Surface’ How dees it 

vary* (C tf lOjd; <t All J9$9i V P. B 1943) 

9 How does the rotatioa «I the earth oOect ibt accaleratinn due to 
erasity* [It U 1955) 

19 A light string passes over d *nioo(b oulley and has masses of E40 gm 
end 2S0 em attached to its ends Cslculate the selste of g, li the e>il«m 
vtsrtina from rest moiei a distonce of KO cn m 4 iccsndi (Anna U. 19S0] 
l.l/u 990 cm |ier sec'] 

11 Two tnasses cl 60 and ICO cm sro confterted by a switie pnsiina ov« 

a smooth pulley Tind the tension of the siting when thry are m rinlinn 
Find ntso the liner drscriW >n 4 arcs ({reftHcca units). (M U ISSl) 

tdne. 87200 dynes , ers m ) 

12 A man neigbinc 10 stonra it sitting in a lift whiih ii movinK vertically 

vnlh an ai celrration of 8 It per arc ’ T'rore that Iho prcainro on the base ol 
(he lift IS cTcatcr "hen it is asccndine thon wben it is deitendinB and rompjre 
the prcsarci (Tat 1931) 

f.lus. n/7?.wS/31 

13 A masi of 10 lb is boc'; from a opnog balance attached (o a lift 
The lift Is (n) ascendinir with an arcelerStion of 4 ft /see *. (b) oicendmg with 

a uniform velocity of 4 It /tee. Calcidate bow the reading o! llio ipnns halanto 
will be aflectrcl in eacli case (3=32 ft /ter.’) IPat 1953) 

[clar. (o) The balance will read snore by 123 Ih 

(3) The balance will teeotd (he tamo all along ] 
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. y°‘' e-'tpjirimcntaUy show that the acceleration of a freely 

falling body la nniform ? (Ua-al, 1948, ’SO, ’54) 

17. State tbo laws oX falliag bodies and illustrate them by snitable 

examples. (C, TJ. 1941) 

18. How IS the period of swing of a pendulum related to the wt. of the 

bob, its length, and the amplitode of the swing? Hence state the laws of 

o.^cillation of a simple pendulom and slate how you would verify them experi- 
mentally. What is meant by effoctive length ? 

(C. U. 1913, '15, 17, *19, *21, -24, ’32, *36, ’40, ‘47, '49, ’53; Pat, 1946) 

19. Explain why a pendnlmn sboald oscillate if tlis bob is drawn aside and 

iot go. (Pat. 1946) 

20. Obtain an expressimi for the period of a. simple pendulum. What is the- 

practical use of this formula ? (R. tJ. 1951)' 

21. Wh^ is a simple pendalum ? State the laws of vibration of a simple 
' in general terms how a clock will sain or lose as it is 

■' ’■ the top of a hill and to the bottom 

.0* a mine. (C, U. 1057), 

22. Stale the Jaws of vibration of a simple pendiiluin and find the lencth 

of o^flccondi^pwduluin at a place where p is 980 cms./sec.®. (0. TJ. 1951) 

23. A faulty seconds produluio loses 20 sees, per day. Find the leqnirad 
slteration in length so that it nay keen correct time; givea i7=32 ft./see.^ 

(Fat 1953) 

[djis. 0‘0015 ft.] 


24. (a) Eow will you proceed le dcicrmine the 'g' of a place with a 
pendulum 7 Give Uie practical direclioas necessary and state icasone. 

(U. P, B, 1947, ’40; 0. TJ. 1949) 

(5) TVhat is the effect, of the height above, or the depth bolow, the surface 
of tho earth, on the periodic time el a pendulum 7 (G, TJ. 1949), 

[As ‘g'r deccensca, the periodic time of e pcnduliun iacrcasee and hence a 
clock will go slower.] 

25. A poiidiilum which keeps correct time at the foot of a mountain loses 
16 seconds a day when taken to the top. Find the height of the mountain. 
Neglect Uie attraction duo to the monataui and lake the radius of tlie earth as 
21x10* ft. 

[Afis. 3S90 ft, approx.] 

26. A psndiiium wliicli beats seconds at a certain place where 'g' is 981 

cm.ysec.* is taken elsewhere where 'ff' is 978'5 cms./sec.-. Calcuiato the 
number of seconds it loses or gains in a day ? (Pat. 1939)- 

[Xne. It loses 1 minute S8'89 seconds.] 

27. Will a pendulom clock gain or lose, when taken to tho top of a 

mountain ? (C. TJ. 1917. '19 ; cf. U. P. B. 1941) 

28. When a ball suspended by a siring is made into a 'seconds pendnhim’,. 

docs the .octual length of its string equal the leagtii of the equivalent simple 
penduiiim ? If not, why ? (C. TJ. 1912) 

[Hints.— As tho ball h.as a certain dimaisioa, the actual length of tho 
string will not bo equal to the length of the equivalent aimple pendulum. The 
distance between the point of anspenrion and tno centre of gravity of the ball 
will bo the length of the equivalent simple pondoluni.] 

29. What precautions or corrections an> necessary in an experiment ivith 

a simple pendulum 7 ^953), 

30. A clock which keeps correct time when its pendulum beats seconds, 
was found to he losing 4 minutes a day. On altering the length of the pen- 
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It gaipej 2J jninutM b day. By lioi» 
tbo length of the sn-ouda neDiinlivn u 991T7 Cf 
[.l;u. 8 97 mm.] 

Zt A IiuUuTii pendulum Kai a aotloyr cpC' 
%\itl tho period alter if the Itfdlow Imli 15 half 


mtirh RBs the length nUered, if 


cial bob attached to its thread, 
filled uuh mercury ’ 

(a U. 1950J 


CHAPTER VI 

WORK; ENERGY: POWER 

133. Work i — V\'ork 1$ wid to be done J>y or a^ainsi .1 force, 
t'hcn it> point of appheation motes iu or opposute to tJie direction 
of the furcB aad measvted by the product of the force and the 
tiisplacemem of the point of appjieation in the dirceiton of the force. 
The ttork may aho l>c determined by the product of Ote duplacenu’iit 
and tlitf coiDpuncm of the force in the dircciion of the displacement 

When a man raises a ttei,t;tic. the force tthich he exerts does 
work Against the force of granty tthich acts dnivnttardt. Work is 
done by a horse nlien it dcattt a caerta^e ayaitiu the fotce of ftlcnon, 
called into play bctttcen the carriage and the ground, tthich oppo'cs 
the motion 

Suppose a fotce P acts on a body .at A in the tlitccilon /lA' 
and it motes 10 ^ in a gnen time (Fig 87) 



(i) If the displaccmunc AB is m the dirccuou AX [Fif;. 87(i;)|. 
tlic ttork done by P, is ly—PxAB, and is called posiiitc ttork. 

(li) If the ilitplaecment AB is in 3 direction opposite to the 
ducction of P [Ilg the duplacciwenc mcasurpd m the direc- 

tion of P-: -AB, and the ttork done by Uie force P. is W^-PxAB. 
and is called ncgatiic ttork. This stork is done against P 

(lit) If the dispiacctrtcuc AO is ui a drecctinn rliflcrcnt from the 
Unc ot actioa of P* say. raakioE' an angle 0 uitli AX (i'ig 
ihen the displ.iccment measurra in the dlreaion of P is AN= 
AB cos e. srhere fl.V is the normal from B on AX. Tliereforc. work 
done by P is ir=PxcflV=PxriB cos e^AOxP cos ft That u. work 
=fnrcexccimponcnt of the dispiatemeW- of the point of applica- 
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lion of the force ia the direction of the force=dispiacemcnt x com- 
ponent of the force along the direcdon of the displacement. 

N^. It should be noted from above that no work is done by 
■or against a force at right angles to its own direction, because 0 in 
this case is 90°. 

134. The Units of Work: — Unit tvork is done when unit force 
moves its point of application, in its cam direction, through unit 
distance. As the unit of force is measured in the two systems, die 
‘absolute and gravitational, so the unit of work may also be measured 
in the above two systems : 

(a) The absolute unit of work in the C.G.S. system is one Erg; 
at IS the work done when a force of one dyne moves its point of 
Mipplication through a distance of one centimetre in its oa>« 
direction. 

The absolute unit of work in flic F.P.S. system is one Foot- 
Poimdal: ti is the work done when a force of one poundal moves 
its pois:t of application in its owtt dircelion through a distance of 
one foot. 

(&) The jTflWfrttfwia/ tout of work iii ilic C.G.S. system is ihc 
Gram-Centimetre ; « is the work done in /i/<ing a mass of one 
gram through a vertical distance of one centimetre. 

[For practical purposes the unit chosen by the engineers is the 
Kilogrammictre.] 

The gravitational unit of work in the F.P£. system is the Foot- 
Pound (ft.-lb.) : it is the work done in raising a mass o'f one pound 
through a vertical distance of one fool. 

Since the weight of a gram is nearly 031 dynes, 1 gtam-centi- 
ineirfi=981 ergs. 

1 crg=l dync-cm. ; 1 foot-pouadal=421,a90 ergs. 

Note. The erg being very small, three additional units of 
work (or energy) are used by electrical engineers for practical 
jjurposes, viz . — 

(i) The Jonle = 10' ergs. 

(») The W.att-liour=3,000 Joules={3,600 x 10’) ergs, i.e. one 
Joule per second for one hour. 

(iii) The Kilowatt-hour ^Wh)=3,600xl000 Joule.s=(1000 x 3600 
xlO’) ergs, I.e. 1000 Joules per second for one hour=36 x 10“ ergs. 

The Kilowatt-hour piWb) is the legal supply unit fixed by 
the Board of Trade and is called the Board of Trade Unit. 

135. Conversion of Foot-Poundals into Ergs; — 

1 pounclal= of the wt, of 1 i<^53’0^grams-weight 

r= ( x453'6x981 Jdyncs; and I foot=30'48 cms. 

V82-2 y 
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»T , , 30-48 x45.T4>y 081 

Hence, 1 foc)t-poun8a)E= «£S=(42ia9xl0‘) uj 

flpproxitnacely. 


136. Relation befTwen the two Uaits of Work t— Since tbt 
gravitational enit of forte u g tunes the absokifc unit of force, 
graviUitioaal unit ol work=g><absolulc unit of work,. 

Since the weight of a pound is 322 poundals. 

1 fOot'pacuLd =322 (oot poundals=322>: 421.300 ergs. 

= 1 356 X JO' ergs= 1*356 Joules 
(jince, 1 fooj-poundal=42l.390 ergsj. 


137. Powers — The power or activity of an agent, say a dyname 
Of an engine, is the rate at which it docs work, fi». ihc work dooe by 
It in unit time, when Ui« work « dune continuously. 

When we eoiiMcler ihe unie taken by an agent to perform any 
work, sve consider whai is called the power of ibe agent. The aterage 


power used in any operation is the 


, total work done 
^ ’ time taken * 


(. ]38> The Units of Power:— (o) The C.G.S. absolote unit el 

call, power it one cr(t pet socond. 

the m This being too small for practical purposes, two sddiliooal urlM 
Siipjpniployecl m electrical cngineeruig, via,— 
nnd it movJ The wait=l Joule per sec =10’ ergs per sec, 

The Kilovait.-J 001.1 watts 

FJ’.S. absointe unit of power is one foot-poundat ptc 


B X ’Iona] 




of power is one foot-pound pff 


the Bniish practic.-il unit of power and w 
-ceruig lery largely. 

(0 If the displacement y!B'il=®3JXX) ft-ibs. p-r min.=550 ft-Ib 

the- work done by P, is W^PnAB, 

(U-) If the tlispljcemcnt AD is iiPg capacity of a horse, James Wai^ 
direction of P [Fig. 87(h}). the displacwFicd uut an cxpciittient m wf « 
tion of P— ~AD, and the work done by thuCoal pit by a horse Ihrou? 
and is calltnl negative work. This work is do«. Thus, the work done 
(fii) If the dispiacemem AB is in a daccti550 ft -lbs. in one se 
line of action of P. say, making on angle 6 wiiL.jower, which he termed 
thru the displacement measured in the directum 
AB cos fl. wViere fl,V is the normal from B on .cl.’I. I. 
done by P is II’=Px^A'=P>c.dB cos ^=rlBxP col T. 

force xcoropotient of the dispbccment of the point ol“’ -I 
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Hcace 1 H.P.=o50 fi.-lbs. per scc=746 x 10' ergs per sec. 

= 746 watts; ('.■ 1 \vatt=10’ ergs per sec.), 

and 1 Kib^^alt = -^®? =1-34 H.P. 

746 

140. Conversion of Kilowatt-honr into Foot-pounds : — 

Since 1 Kilow.nt=l-34 H.P. =(1-3-4 x 500) ft.-lbs. per see., 
and Work=Powcrx'I1me in seconds. 


wc have, 1 Kiiowatt-hoor = (1-34 x 350) x (00 x 60) ft.-lbs. 

=2,653,200 foot-pounds. 

[Reraemher. — Tiie arnoum of work done by an average horse is 
only J H.P. The average amount of work done by an active man is ^ 
H.]?. The power of motor car engines varies from 6 to 30 H.P. ; that 
of a jeep trom 20 to 80 H.P. ; those of gas engines from J to 270, 
while the potver of a large battle ouiscr may reach up to 120,000 
H.P.]. 

141. Distinction between Work and Power : — As power is iha 
rate of doing work, it involves a time-unit and its average value is 
measured by the ratio of the work done to the time taken in doing 
the work, if tlie work is done continuously. 

Tliat is. power*' Sonic examples of power are, 1 H.P. 
^ ijinc ^ 

= 550 fa-Ibs, per sec.; 1 w.iti=sl0' ergs per see, etc. Tliu^ from 
the above, Work=PowcrxTuac. 


So 'ivatt-hour' or ‘kilow,ait-hour’, which are products of 'power’ 
and Time interval', are units of worL 

Examples, (-t) -4 man whose uteighl ii 10 tl-turs runt wp a flight of Hairs 
farrpi;ii 7 u laud of 10 lbs. 'to a height of SO ft. id 10 seconds. Find Iht mean 
power dining this inlertal. 

10 4tnncs>14xl0-140 lbs. 

Total work dona in 10 scc8.= (140-bl0)x20 =3000 ft. lbs. 

.-. The work done per 4cc. = ^ =300 ft.-lbs. So. powi!r= =0-545 H.P. 


(?) -•! mtm weighing 1^0 tls. totes his seat tn <i lift which weighs 2 tons. 
He is tnhen to the Snl floor, which is al n height of 7S ft. from the ground floor 
in 2 vduntrs. Cniodotc the soorh done and the power required in this process. 
(1 1011 = 2240 Ibs.J {Pat. 3920) 

Tile total wci.qlit of Ibe man and the Hft=140-|-2240xZ=4620 llis. 

The wnrl.- donr- in misin't 4620 lbs. through 75 ft. 

= force x<iist3nce = 4620x75=346,500 ft.-lbs. 

The unit of power in the F.P.S. system is 
5S0 ft.-lbs. per second. FowEr=r.vtc of doing v 

= ft.-lb-. prr se«md= J®i-^_H.P.=5-2 

2 x 60 2x 60x 550 

142. Mechanical Energy : — The capadty < 
mechanical work is known as its mechanical 
\^oI, 1—0 
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by the jotal ttork the body can do under the cireiimstarccs ywiifion, 
Configtiration, or mch’on) in nhich it is placed 

Obviously, the iinii td encr^ should be identical with that of 
svork. Tliereforc erg, fool-pottna. Joule, etc. tvliich are units of uork 
axe also units of eiie^y. 

The falling water at Naigra does tvorlw in driting the dynamos 
which generate electricity. Hence tile clevauti water of the falls has 
got energy The woani spring nio\cs the hands of a watch, and so 
St has energy. Wnd hat energy, for work is done by it when it 
drives a boat 

143. Distinction hetircen Knergy and Power J—-TIie energy of a 
body indicate.^ the total .amount oF work tlie body, under the cir- 
cumstances in which it is placed, can do and has no reference to the 
time in which that work h to be done, while potter denotes the rate 
at which work is done and is irrespcctiic of the total work done. 

144. The two Forms of Mechanicsi Eneigy Mechantr.tl 
energy may have either of the iwo forms, potential and htnetK, 

_ (a) Putootlfll Energy.— A body may possess energy bv tiriue 
of its position or configuration ; such cner^ ts called potential energy 
and is measured by the amouni of work the body can do in passing 
from Its present position or ronligiiracton u> some standard position 
or configuration, usually called ilie scro fouUon or configuration 

(i) Potential energy due to poftnon — 

A lifted weight, like a Pile-Prhcr, can do work in hailing down 
under the force of gravity, to ihc original position So it hat 
potcnti.ll energy \\'ator stored op m eles.ited reservoirs in municipal 
water supply, formations of ice on a mountain top, are .lUo similar 
instances of poieniiaJ enemy For bodies raised above the surface of 
the earth, the earth’s surfcce js iisualW taken as the reio-position. 

(«■) Potential energy Jue to configuration — 

A coilcrl spring .is in the case of a watch or a gramophone, a bent 
or compressed spring, compres-setl air, etc have potential energy for, 
in recovering the normal cunfiguiaUon (condition), each one of them 
can do work. 

Polcnllal Energy of a Rnised Body. — Consider a body raised 
above the earth's surface In Bits raised foxilion the body has 
potencial energy 

Let m=ni.iss of the body, acceleration due to gravity; 
vertical height through which ilw body is raised from the ground level. 

The potential energy=isorL done in raking the hody=»ngxh= 
«jg/i. If m be taken in pounds and h in feet, then the potential energy. 

P.E. = mgh ft.-poondals (where g--^322)-m/i fl.-ponnds. 
to ”* taken in grams and h in centimetres. 

= mgh ergs, (where g=S8I)=fi*f» gm.-cnis. 
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(b) Kinetic Ener^. — A body in motiGn has energy due to its 
motion ; such energy is known as kinetic energy and is measured by 
the amount of work the body can perform against external impressed 
forces before its motion is stopped. The bullet fired from a rifle, the 
rotating fly-wheel of an engine, a falling body, a swinging pendulum, 
a cannon ball in motion have all got kinetic energy. 

Kinetic Energy of a Body moving with Velocity o.— Consider 
a body in motion. Af the instant of consideration, let the velocity of 
the body be v. 

Let the mass of the body be nt, and suppose it is brought to rest 
by a constant force P resisting its motion, which produces in the body 
an acceleration (-/), given by P=»n/. 

Let y be the distance traversed by the body before it comes to rest. 

We have, 0=v*-h2(-/)s \yide Asx.. 80, cq. («i)] ; 

.•. /. Therefore, the K-E. of the body=vfOrk done before 

coming to rest=Pxs=tn/j< j=m.x/- =-^ 

Hence, the kinetic energy of a body moving with a velocity v is 
equal to half the product of the mass and the square of the velocity. 

Note. — If »n he taken in pounds and v in feet per second, the 
kinetic energy, K.E. siwu* /f.-poundals (lb. x ft.*/sec.®=ft. xlb. 
xfc./scc.^'s Ih-poundals) 

= ^mv^/g fr.-poun<ls, (where g=82'2). 

If m be taken in grams and v in cms. per second. 

K.E. ergs (gm. x cn)s.*/sec.*= cms. x gm. x ems./tec®. 

■=cms.xdyne8=crg8)=4»iM>*/g gm.-emb'. (where g=981). 


145. Potential Energy aud the State of Equilibrium : — The 
state of stable eqtiilibriiitn. of a body corte.sponds to minimum of 
potential energy, because the centre of gravity of a body, when in 
stable equilibrium, occupies the lowest possible position and any 
displacement tends to raise the position of the centre of gravity and 
thus increases the potential energy of the body. When the potential 
energy of the body is maximnin. any displacement will give rise to a 
couple tending to move the body further, and thus, in this position 
the equilibrium of the body is unstable. Again, when the body is 
m the state of neutral equilibrium its potential energy vnll remain 
constant for any small displacement. 

]46. Tnmsformalion of Energy and the Frincipl ' 
vation of Energy : — If a body is at some height above 
it has got some gravitational potential energy. If it / 
to fall freely through a distance, it loses an amount of 
equivalent to the work done by the weight of the bow/ 
equal amount of kinetic energy. Just before the ff'/Jf, 
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referred, to, is reallj’ not a loss, for an equivalent energy reappears in 
each case mostly as heat and partly as sound. When a falling Irody 
touches upon the ground, Uie mccftaiiical energy is recUicccl to zero 
but is transformed in equivalent quantity mostly into heat and partly 
into sound. Thus, we find that whatever be the system of forces 
acting on a bodv, conservative or non-conservative, the total energy 
of the system ivill be found to remain consttint, if we take into ac- 
count ali the difTerent forms of energy to which energy is admissible 
namely, mechanical, thermal, magnetic, electrical, acoustical and light 
energies. Sometimes it becomes rcallj difficult to trace out the different 
forms into lehicli energy iraitsforius itself and makes us doubt the vali- 
dity of the principle but when closely examined, it will be found that 
the situation arises not due to any defect in the universal character of 
tlie principle but due to our inadequate knowledge of the transforma- 
tions, Consider .the various transformaciotu of energy in the case of 
an ordinary steam engpne connected to a dynamo for the generation 'of 
elcctricitj'. When tire coal bums, we get heat energy. The heat 
does work in changing water to sie.am, which then expands. The 
expanding steam exerts force and causes flic piston to move, and 
thus runs the engine. Thus, the heat energy is transformed into 
mechanical energy, and wlicn tlic engine drives a dynamo, which 
generates electrieit}’, the mechanical enwgy is converted into electrical 
cuorg)'. This energj’ can be transmitted by wires and made to do 
useful work such .as driving tram cai-s where electrical energy is 
reconverted into mechanical energy ; lighting hamps in houses, where 
electrical energy is reconverted into hght energy ; and in diis way 
various other transformations may abo take place but whatever are 
the transformations, the guiding principle remains that tire total 
energy of die whole system will be constant. 

147. The Principle of ConscrvoUon of Energy is obeyed 
by a Swinging Pendulum : — In the undisturbed position the 
pendulum .acts like a plumb line and hangs vertically. At this 
position, the centre of gravi^ of the 
pendulum, which is practically the 
same as die centre of the spherical 
bob, lies at the lowest levd which 
may be called its zero or ground level 
as sho'vn by the point B in Fig. 88. 

The vertical position of the pendulum 
is its mean position : for, when the 
pendulum is made to oscillate by 
drawing it aside and then let go, it 
swings about this position mth almost 
equal amplitude on either side of it 
ill each oscillation. When it moves to 
one side of the mean position, the 
centre of the bob rises and the hob 
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gains potential energy. Wlrcn ii is at the extreme end position, as 
shown by C or D, its nhole energy is potential, there being no kinetic 
cnctgy, tut ilie beb u at test momentarily there, 'I'hc \crtical 
lieighi BK., through which the bob rises «hcn .rc the extreme position 
C or D, multipLcd by the v.eight of the Lob, gives the potential 
energy gamed 


From the extreme position C or D, when the hob motes towards 
the mean position B, the poteniul energy is gradually transformed 
jiiiu Lnielic energy till finally the whole of the potential energy is trans- 
loriiicd into kinetic energy when the bob reaches the mean position B, 
Its ground or zero level. At this position the whole energy being Line* 
uc, jt attains its moximum vclocify. At positions interntediate between 
3 .Hid C or T), the energy of the bob is partly poieniial .and partly 
kini’tii One crossing the mean posiiiou by virtue or inertia and acquired 
viliituN, when the bob begins to move to the other side, the Jtineilc 
energy ol the bob gradually reduces at s 
race in which ib potential energy increases 
td) finally the whole oE the kinetic energy 
IS again transfomted Into potential eoer;^ 
at C or D Ii iherv had been no Crlctlon 
of the air or at die puini of support no 
energy wouW have been lost by the pendu' 
luro and it nould oscillate with the same 
amplitude for ever, once being set into 
motion Thus for an ideal pendulum osci?- 
{atiiie in vnciiiim the sum oE the potential 
.tnd kineiic energim at any instant should 
be cunstant. 

Madicmalleal Pcoot.i— Let the pgsiclon 
C denote the extreme end position for a 
peiiduluni and C' any sabMiqucnt posidon while moving towards the 
mean position B (Fig «0) Umw C/C and C'K' perpendiculars on AB 



Tig A Si'incinK 
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At C, the total energy (which is wholly poicnua])»-rjg>,Bf:. At 
P.£. = rigxCK', and X£ = x (2g k KK') = nigx KK' 

potenp v 

vertiMl'ht-Tctal energy at C'=.PE.+ KE. 

The po =(»r^xBK')•^mg(BK-l}K') 

mgh If mb c.wi^xB/r=cnergy at start 

.. Kmb.ta .) 

^ E. = mgth of the pendalum, and a=atnplitu(le. 
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148. Total Energy of a Falling Body is Constant : — The 
potential energy of a body of mass m at a height h (Fig. 90) above 
the ground =}Hg/i. 

When it falls through a dis- 
tance Xj its potential energy at 
the iime=J»|'{n— >:). 

Its kinetic energy at that 
instant=^Htu= (where v is the 
velocity acquired during this in- 
tcrvalijmx2g* (•.■ t»==:2gw) 

-mgx. 

At the instant, potential 
energy •(- kinetic energy 

_ «mg(/i-a;) + nigx=nigfc=po- 
tendal energy in the beginni^. 

Henccj neglecting the ctfccts 
of air resistance, it « seen ihar 
the total amount of energy 
(kineiic+potcntial) of the body Fig. 90 

remains constant as it falls. When 

the body strikes the ground, it is brought to rest and loses its kinetic 
energy. Then the potential energy is also reduced to zero. The 
energy, however, is not destroyed. It is converted mainly into heat, 
the body and the ground being warmer as the result of the impact ; 
a small part of the energy is also converted into sound energy. 



149. A Particle sliding down a Smooth Inclined Plane obeys 
the Principle of Conservation of Energy throughout its Motion 

Consider a particle of mass m, say. 
which is allowed to slide down a smooth 
indined plane AB having an inclination 
a to the ground level BC (Fig. 91). 
Suppose the particle starts from rest 
at a point whose height from the ground 
level is h. The P.E. at this point is 
mgh and the K-E. is zero, so that th 
to^ energy at start= ('mg/»+0)=irJ 
Let V be die velocity acquit' 
the pardde at any instant 
pardde has sUded down throu / 
tan.ee X along the inclined 
acceleradon down the plane ^ 

g cos (90-.)=g sin C 
ti»=^ an axx. .'s ”"^ht 

^.esoiy 

K.E.—^mv-^Tiigx sin a But x sin a is evyany 
deal height tlirough wliidi the partide has descenf / 



Fig, 91— A Body 
Sliding do'vn an Incline 
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height abo«-e the ground at tMs position is (/i-a sin ami tlitTrforc. 
jts P.E.^mg(h~x sin a). 

/. KE. + PE -TUgx tin a -r - v sin «) 

^mgh, nhich it, 

intlcpcndem of x and is equal to the initial total energy. So the 
toial energy remains constant as the partidc slides do»ii the inclined 
plane artl thus the principle of conseriaiion of energy is obeyed by 
the sliding parjide 

150. A Projectile obeys the Principle of Conservation of Energy 
throughout ils Motion:— Ivit a patiicic of lua" r» be iluuun from 
the gioiind (Fig 92) uitb a selociiy ti at 
an angle a with the honzonitil. At start 
its total energy =s K E + P li. 

s - 1 run’ 4-0 = Jirili* 
Suppose, i» is tlie telocuy of the 
p.triicle at an angle $ uiili the h'orizcntal 
at the insi.snt when it is at any terneal 
hctglu /■ abose the giotinil 
Ismce the only acceleration aaing on the pariule is Out to gravliy. 
ie g veriieally downuardv, its honzomal sclootv all along remains 
unchanged, and so. 
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And considering the luoitvn of the boJv verticjllv upward'. 
(v sm an 2gh 

Squaring equation (o) and adding it to equation (ti, «e has, 
v’^ut-iigh 

K.r: = = i m(M»- 2g/.,= Jwm*- mgh. 

Al ibis position, rbe tmicaJ Jicighr of the furticli a 
ground being h. its 

P.E- — mg ft 

Total cncigv— /’E + KE. (neglecting .i r rc'i"-! 
motion, etc) 

abo initial energy, 

paten. same at oil heights. 


haie 

{b) 


of 


pnnnplc of consc. 

irnpossibmiy of the existence of a "pEfpeural 

The po-hine. ixt a machine which, when once set in motion. wiU 
igh. If m iTiotion perpetually viilhout the supply cf an cqunalent 
P.E. = rergy from outade. Esen when no useful "I'ork is doric 
Tf hf ta«?' encrKT, supplied m the beginning, will be 

• 'ip itv oscrcomtng mcdonal and other resistances and 

'*.E. = i»gi ultimately come to a stop. 
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152. The Velocity oS the Bob o£ a Pendulum at its I.owest 

Point: — When the bolj of the pendulum, of length I cm., is set 
free from its extreme pnsitino C, it moTes 
in an arc of a circle CBD, B being the 
lowest position (Fig. 93). From C draw 
a perpendicular CK on AB. At C die 
bob of the pendulum faas potential 
energy mg x BK, which represents the 
work done in raising ilje bob from B to C, 
i.e. venicaliy ciirotigh BK. When the 

bob is released from the position C, it 
gradually loses its potentifd cnerg)' and Fig. 05 

gains kinetic energy. At the lowest point B, 

It loses all its potential energy mgxBK, and die kinetic cnergs' 
Jnju=, u’liich it gains, is equal lo this. 

m.g. BK=ifntA, where v is tlic velocity of the bob at B 
or.!r(AB-AK}=iv'; or, cos : 

or. y»=2g/(ljcos^; V^/^-cos^) 

or. v= ^ 2glx2 sin- -I- =2 sin 4 • 

Etamnle. The Arory hoh of o timple pe.r.ilu/nm is draten aside so that the, 
strinr/ mal-es oa aiiffU oj HO' uiih ihc iorizoBlal and thfni let go. Find the 
vtlocily Kith V'hie/i Iht vah jiossef IhrouQh its fOSitiOH of rest. (Pal, IViO) 
(Slav- the diagram and proceed at explained in the preceding avliele.) 
^»(90*-60')a.50«. ; or, v=V0'^X(7k 

153. Other Forms ol Energy: — As already stated, the mecha- 
nical energy, which a body possesses may be due to either or both 
of the iwo forms, kinetic and potential. Besides mcclianical energy 
there .arc also other forms of energy, o.g. heat, light, sound, clecurical, 
magnetic, and chemical energy. 

154. The Sim is the uifiiBate Source of all Energy: — The 
sun is generally considered to be the ultimate source of ail forms of 
energy. We get considerable amount of energy from solar radiation 
in the form of heat, light, etc. For example, the energy of the stcan 
engine is derived from coal. Coal again k nothing but wood dcC'"-." 
posed and subjected to great pressure of the earth for thotisanck 
thousands of years. The energy in the wood is due to the sun'" 

on trce.s and plants. IVhcn the coal burns, the stored-up ^ 
chemical energy derived from solar radiation is given bar' '* °> 

and light. ' 'lie plane. 

® s at/'ight 

155. Further Examples of Trausfomiation of Encr.'gjoi./ 

(1) Mechanical. — an^ 

(a) Kinetic to potential.— The bob of a pendulum / 
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the normal position (inaximuin Liocfic wergy position) to the cxncme 
position of suing (fc) Potential to Linrtic^A body falling from a 
raised posmoti^ to the earth ; a pendalnm letuininj; fjtmi an exueme 

position of swing tossirds the normal position (c) Kinetic to lieat 

Heat produced ny rubbing two stones ; a moving wheel stopped by 
applying bral.es. (d) Kinetic to sound.— Sound produced when a reed 
vibrates, (e) Kinetic to electrical — dynamo. 

(2) Heat.— (a) Heat to niechaiucal — Heat engines. (6) Heat 
to light— White hot ball; filarnent in a bulb (c) Heat jo sound. — 
Singing flume, (d) Heat to electrical — Thermo-electric phenomena, 
(e) Heat to chemical — Water formed by ignitiiy; a vnixtute of 
hydrogen and oxygen (/) He.vt lo mechanical.— Molecules in a gas 
produced by livating a liquid- 

fa) L^t. — (a) Light to electrical —Photo-electric cell (f>) Light 
to chemical— Photography 

(4) Sound.— (a) Sound to mcch.-inic.tl— Forced vibration and 
resonance (!>) Sound to eleciricaL— Telephone transmitter. 

(5) Hlacnccic.— (41 Magnetic to heat— Rapid magnerUatlon 
and demagnetisation repeater! in a spceimcn of iron (6) Magnetic 
tu raecliamcaj — ElectrumagneC. 

(O Electrical.- {<*) Electrictd to meehanical— Electric motors; 
tram car* (6) Electric to heat — Electric iron ; electtlc furnace, 
(c) I'.lcnncfll to liphf —Electric l.-imps (<f) F.Iectrical to sound — 
Calling bell; Telephone (e) Electrical to chemical —Charging ol 
batteries, electro-plsting ^ Electric to magnetic— Eleciromaguet 

(7) Chemical Energy.— (<i) Chemical to heat — Burnine of a 
fuel— petrel, keroiine, coal, etc (h) Chemical to light. — Burning 
magnesium virc. gas lighting (c) Chemical to electrical —Voltaic 
cells (d) Chemical to mechanical -Explosdies 

155. Different Example* ol Work done Work is measured 
by the product of the force and the distance through nhicli the point 
al^ application of the force moves in the ditectlos of the force 


potci. li'or^: dortf tn raising a toad vertically uf^sards. 

represents the work done, w*.wigh. where m is the mass 
vnd h the vertical height through which the load is raised. 
mgh. If m’.’ori- done in r<iil:i»jf a load up along on inclined plane. 


P.E. «= t>-ase. v>=mg sin <xxl. where Z i* the length of the indincd 
If m he ttrt. I'lOl and a the iucEoadon of the plane to the liotiron, 
— tnp=^S^‘’ vthere h is the height of the inclined plane. 
“ *lc done in taking Jhc load up the Inclined pbne is the 
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same as that required to raise the load m vertically through a height 
/i. Hence, the work done in raising a body to a height It against 
gravity is independent of the path along which the body is taken and 
depends only on the vertical height. 

(lit) Wojk required to generate a velocity u tji a body originflily 
Mi rest. 

W=P'xS, where P is a force which generates an acceleration f in 
a body of mass tn; and S is the distance travc.-sed by the body in 

Here P=ni/; and .5=1//’- 
IFrrP X S = mj X 

where v is die velocity acquired by the Ijody after rime t starting 
dtom rest. 


157. Summary of RcsuHs: — 


Quantity 

Symbol 

Quantity 

Symbol 

Displnwment 


Polalion between i 
distance & speed ; 

1 V>aU=+2/» 

Time 

t 

bfass 

m 

Velocity 

~ 

Force 

P=vtt 

Accelciatian ^ 


^lOTnentum 


Dislaiico 
(uniform motion) 

Relation between 
speed and time 

Relation between 
distance & time 

e=ur+i/t» 

lunclic energy 1 

Potential energy 

Work 

. case, 

^ ■ plane 
j fF sin 6) 

-the plane. 
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Here m=100 x 2240 =224,000 lbs.; «=50 mUea per hour=44 f 
TT mn= 224,000x44- , m - 1 

■■ S— 

=S6.466'6 Ibs.-wt. ((along (r=32j. 
(i) We iiave, v = «+/(; or, 0=u— — ; or, Pt = 

.30,1100 n..., 


(S) ?7!a encn/y stored ic a t»»j« weighing, SSO tons and at 

the ratf. nj CO miles per Aaur. How innch cnerjjv owsl le added to the ttnin 
to iJicrease its speed to CS niUs per ho'i'. {C. V, WO) 

MtissaZSO tQns = 250x2840 lbs. 

Vslocitys-W inilijs per liour--88 ft. per sec. 

,•. The kinetic energy of the lrajn«ix(250 x2240) x8C’ foet-poundals 
s 2.163,320,000 ft.-paundnls. 

Agitin, 66 miles ocr hour= fl. per sec, 

60 X60 3 

Tile H.E. of the train, vrhen (be speed is 65 miles per ijour 
*4X(250x5;,240)X ■- 2.544,764.444-4 fL-poundals. 

.-. Tile energy to bo ndJrd = 2.544.764.444-4-a, 160,320,000 
<576.<I44.444-4 f(.-pounaals. 

(4) // clouds ore 1 intfc ahote the earth and rain/all is sttffii'icnl to corer 
1 eyiKire rinVc n! een-lcwf, * I’ltrh deep, ho\o macA «<iri was «fo«c in the 

neattr to the clouds. {0. U. WO; C. V. mO) 


If tv lbs. bo tlie moss of rain naier, and h ft. the liclgbt of the clouds 
above tbe surface of ibe earth, the work done (n rabiliig w lbs, cf water 
tlirough h ft. 

raioxh fuel-pounds. Here /isl760x8^S260 ft. 

Tlic voUiire of r.-vin W8ler=l square miUxi 
Tiic mass of 1 cubic foot of watet=62-S lbs 
3r.iss of rain «atcr«(S280)*xl/24x62-5 lbs. 

Tbe work done = (5280)’xAxip-X<S2e0) = (6280)’X.lxY- 
i-iSOJSSSxlO* foot-pounds. 


Questions 

oved alon 


1. Show tli.rl if a piston is moved along a <yliii<ler ay.iinst , 
pressure, tbr work done in a stroke is equal to the product of j K 
into tile rolninc swept ont by tlic piston. Explain clearly tbe 'j’* sm Oj 
the woiic ivill be given by this calculation. (Pat. 12; (lie plane. 

[Pressiirc = force on unit area. ,'S at ■ ”ic(ht 

Work done--=forcexdistance=(pressiirexarea)xdi»t»iicc 'b'esol/ 
piston niovessspressuvex^olutoc swept out. work is 






i dynes per sq. cm. and volnnio 


c.c.].f 
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L whCTi a Hag!it of 500 kilogriina fill* throneh 

n hfighl oi 50 metret and la tbtn stopped ? Asanrae the normal »a1uo of gravity, 
t^na. aj,5£SxlD' ergs ] (Oac. 103^1 

3 How nrach power is tt^titred to nunp water at Hie rate nf 90 litres per 
minute to a height of 20 raetrea t 
[Ant. 234 watia ] 

4. Water Is jiomped op from a well throagh a height of 30 feet by means of 
B O horse-power motor. If Ike efliciency of the pomp it 65%, find in jr»!Iont 
the qoantity of water pumped vp per minute (1 patinn of water weighs 
lOlta) (U. D 1952} C. U. ISM) 

f.-tai. 4673 galJoni approx.] 

5 An engine ig employed to pomp 6,000 gaDone of water per miunte from a 
welt throuuk an avtrasre lieioht of 2l feet, h'md the hstse power of the tpguje. 
if 46% of the power u wasted 

[Aae. « 4 Z] 

6 What IS the pstentiel energy of the erater whteh fills a cubical tank 
of eachi tide 10 ft. «nd whose bate u SO It above the ground T 

[AW I66xlO‘ft.-lbJ 


Describe the various transfornistions ef energy that go in this case 

(C. V. 1918) 

[Hints— Tha anttgv e{ the train is denied primarily from the iorninp 
ciml Till! IS otitised in rnnnms 'he tram against friction anil air rcaiilanee. 
and also in ra'amg the tin'B uphill ecniist Ike tovor of gravity aiul thus woik 
IS done The energy of the e^ is derived from Ike aun 8o the eun ii the 
ultimate source ef supply of energy ] 

8 A solid mass of lOO gns i» tllowad to drop from n height of 10 miirM 
Calculate tha atnoust of kinetic enercy sained by the body, g being 080 me 
per sec (Dac 1910} 

IA«» 08xlO‘cre*D 

a A shot IrsvelliBg at the rate nf 200 metres per accord is just nbic Is 
pierce a plank 2 inchea thick tVbat Scloeity is reqaireil to pierrr a plink 
6 inches thick ’ (I*ai I^H) 

[Anj 200 melras per »»e ] 

10 A mass of 10 lbs falls 10 ft from rest sad is then iTrcgl.l tu >rst bs 
penrtratiog 1 ft into samf, find Ibn aseragei thrust of the aard on it 

[Ans 110 lbs -wt] (Ulkal, 19X) 

II. Distin^ish between poond, poundal, and pound wtig'it 
-oie that ID the esse of a body falhiig Irccly under grtiilc the lum of 
potci-iptial anJ kinetw energies ve cOBSUnt. 

Lei (FaL 1925, ’36, ’49; C V 1932. '41) 

Tcnical ft lain the tneoniBK of the ‘Pnpciplo of fAinjcrvation of Eorrgy’. Sliow 
•Tb.. lu’ipic 19 appliMbloat evciy sla{!c of the journev of a pjrliclo falhnc 
^-.jviiy Iroin a bei^t hiB iV waAes ftio ffrtfoiid iC V. 

oraicbia-r 1 oa ii dropped /mm the top of a tower ft hizh 
P.t. = ne , ^ tirraetialing S ft into mad Find the averace thrust 
^ Ifmbeu (Psi. ISI9, 
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14. A pcndulnm^ consisting of a ten-gram bob at the end of a string thirty 

centimetres long oscillates through a soini-«arde; find its velocity and kinetic 
energy when it passes its lowest point. Specify the units in which your answer 
is (Pat, 1935) 

[Hints. — At the starting point (be bob has got only potential energy ssrujA, 

At the lowest point tlie eaergy is all ldiicUc=: mv- j wiiich is equal to 

= (10x931x30) ergs, Hence find «.] 

[.4«s. v=242-61 cms. per aec.; £'.e.<=294,300 ergs.j 

15. A tody fails under gravity and strikes the gremnd. Explain liow tlio 
phenomenon supplies an illaslration of the transfotmatioa of energy, Docs it 
also illustrate the principle of consevataon of energy! 

(C. D. 1917, ’36. '64; Pat. 1931) 

16. What arc the practical units of power in the F.F.8. and C.G.S. systems? 

Write out the relations between these units. (C. U. 1966) 

17. A steel ball of 100 gas. drops through a height ef 10 metres. What is 

its velocity when it teaches Ihe ground? (<rs0S0 cms. per sec,'). (C. U, 1950] 

[Arn. 1,400 cms, per sec.J 


CHAPTER VII 
KRICnON 


lS 8 i Friction 5 — No solid surface is perfectly smooth. In other 

words, ell solid surfaces are rough more or less. So when two 

continuous solid surfaces (which are dry) are in contact and any 

attempt is made to move cither over the surface of the otlicr, it is 

always attended with a resistance which tends to oppose the motion. 
Such resistance to motion is called friclion. 

Friction arises on accottnt of the adhesion, i.c. the mutual forces 
of ato'action between the molecules of the two contacting surfaces, 
and the interlocking of the irregularities present on the contacting 
surfaces. 


Friction can be thouglit of as equivalent to a force ncroif; flfonw 
the plane of contact between two surfaces opposite in direction to 


N 

T 

N 

Pig. M 

any force attempting to produce a relative motion heiv 
surfaces. This will explain why a force is ncccssa’' 
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booi> alort^ .1 tnlifp, n rtrt.insjijl.ir box alonjj ilie ground, nnd so on. 
Consider jr-ci .t more general case «licti t*vo plates arc pressed 
together by normal forces iV (Rg. ttfj To ovenonie friction and 
to cause slitling betMcen ilie i«o surfaces, a certain force P 
(its \aliic tk'pcrding on the \al«e of rV and the nature and comluton 
of the tut) siirfarcs}, acting along the eommon plane of conmet, uill 
be reouircd. 

Friction jj /wn-erse.— Th.st is. it alnars opposes motion icres. 
pectisc of the direction in tslitch die motion iii.av take place. In 
Fig 05(tfl a lerv closelv fitting piston 
s.orking in a cylinder of an c»ii;'me is 
flicmti .nosing ciutuncds under a force P, 
nhilc in (M li i> tnoiing inwards at the 
return -trokc fn cittnt case ilic nioiiou 
of the instoo will Ur upposed bv frictional 
forces / operating along its surfaces of 
sumac r 

Fncuoii inav be tlmded into the fol- 
lowing taicgonts — 

wi Si.iiic .md kinetic friction, 

{kl Rolliiii' frictiun, 

F14 9S |it Fluid friction 

15S.(a). (0 .Static friction and iis lirailing laluci — Frittional 
force ic self aclj'istitig 'mt it ‘-«i sscn H'<lt onlv up to .t linntcd 
miMimmi *.iliic As the forte attcniptmg to drag ti surfaie over 
.mother i' gndii.ilH iotr.4««d Itnm 7ero. the frictional forte opposing 
it a!*o intria‘t« cqiii«aliiult flic mn com.Ktint: surfaces remain 
in sntic equilibrium up n* a mavimum saliic of ilic applied force-, 
^liai It. up in tins si.i-^c the fnciion.tl fores- sshich .icr- in cpposititm 
is cqnal to the appheJ fi-rtc \Vlis.n the .ipplird force pist exceeds 
this maximum s.iluc. the bodv tin sshicli the force is .applied l-egins 
to slick This mxxiniom sable of ilic applied force is a measure of 
the limning '.due of -nuc frRiicn between the two surfarcs, and is 
called the 'forte of iHDii.ng friction— often al-o c.alkd the furcc oE 
friction F 

(ii) Kinctii; or sliding frlsfioi*. — It is found iliat the force. F, 
-scssirv to start sliding of one surface on another l« greater th.an 
P°*^‘-Vnc-ct.s<arv so maintiijii •sliding That is. the force of sUdiQg or 
Lee, friction is less ilian that of limiting friction 
vertical hN rrmembned that sf fao surfat:r! are separated 

The h'jri'd, such as a ItibrKani, the waliire 0/ ihe fnciion 

mgh If m - chunked. 

P.E. -- Friclion. — Thh i* also .a kind nf kinetic fri'iion 

__ If m he ti srtlid ttirfaccs in contact but one of tlicni 

«.E. * mg’ 
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rolling or tending to roll oa dje other, as in the case of a marble 
rolling on the floor, a football rolling on die turf, a rope pass ng 
over a rolling pul.cy, etc. It is a common experience diat the force 
required to drag a rectangular bca along fhe ground is much greater 
than that required to move it on roi.ers. This means that rolling 
friction is much smaller than sliding biefion. That is the reason 
why vehicles are mounted on wheels instead of on runners, and 
ball bearings arc used instead of sleeve bearings. There are a 
number of different types of ball and roller bearings known collec- 
tively as anti-friction bearings. Basically, all these consist of the 
rolling elements (balls or rollers), the race rings on which are provided 
tracks for the rolling elements and in the majority of cases a 
separator for the rolling elements known as the cage. 

Sleeve and Fig. 96(a) illustrates a sleeve type of 

bearing where it will be seen that die rotating axle slides on the 



(s) Slccvc-beariDg. 

Fi{. 



bottom of die sleeve at low speeds. It, however, tries to climb up 
the side of the sleeve at increas^ speeds. 

Fig. 90(h) illustrates a ball itpc of bearing where it will be seen 
that the axle rotatM on the balls mlhotil, diding. The groove, in 
whicli the balls themselves roll on account of reaction, is called 
the ‘race’. 

(c) Fluid Friction. — Friction occurs when a liquid or gas is made 
to pass around a stationaiy body or the Ijody made to move in 
a liquid or gas, i.c. it manifests itself when there is relative motion 
between the two. It arises in die propulsion of a ship through water 
or automobiles, trains and aeroplanes through the air and so oT" 
For more elaborate considerations of air-friction, read Chapter • 
Aeronautics (Appendix A). Take the case of a rain-drop f 
through air. Its speed depends upon its size and not upon its ' P 
above the ground (w'dc Art. 112). Starting with zero vein " °) 

velocity increa.ses as the drop descends unnl the retarding- the plane, 
friction equals the downward pull of gravity. Wlten th},"s ay -icht 
of equilibrium is reached, the «)dy falls with a steady vel^iesol/ 
its ferminal velocity. For small particles like fog , and/ 
terminal velocity is low and die air-flow around them / 

Vol. I— 10 
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«hec. hoi\c>cr, tlie particles arc large, the terminal velodiy miy 
exceed the cnticul t-c/ocily aad turbulent fl<np seW in around a 
moving body. «luch then detennines the frictional resistance mostly 
Tlie considerations .arc import.aat lor aeroplanes nliich move in the 
air and the ships In the tvaier. 


159. The Role of Frictions — Friction is useful in many ways, 
though it is also wasteful in other ss.ay*. 

Usefulness of Friction . — Friction is important in our daily life. 
If tlirte stere uo frictian. ualhing noutd have been impossible, nails 
and screws tsould not reroain in the wood, ftbccs cf a cope would not 
hold together, a i.sdder would not nest on the groimil. lototuotivc 
engines would not draw a tr^n on the rads, and so on. In designing 
automobiles and their parts, steps arc taken to increase friction where 
it is needed. Brake Imiogs in aiitorDobiks require special materials 
and tires are given special thread designs for purposes of increasing 
the iricticiQ consistent t'iib rolnitaum near and tear. 

IVastefulnest cf FftcoVa— Fticuon « ordinarily looked upon as 
an evil. It rs inevitably present, to aa extent large or small 
whe&evei there It motion of one b^y telathe to another In conuet. 
The effect of friction u to reduce the rclatite motion to certain 
extents and, to that extent, tbeic it loss of mrtbanic.al energy of the 
motiog member So, m desiratog engines and ail other motiog 
machicLeiies. precautions ere taken to rMUce^fric'ion in the bearing 
to the nunimum hall and roller-bearings email much lesser friction 
than sleet e-beanogs and that u why ihCsS^AieanDgi are rapidly 
replacing the latter typo in modem machtnenes. Lubrication ot the 
surfaces in contact furilier decreases die frictional w.istage cf energy, 
as also the weu and tear. 


IW. LimiUDg FViction Let a rectangul.ar hJock of wood D 
rest on a horizontal table BC (Fig- 07). “I^e forces acting on the 
block are ns weight Il‘. acting 
vertically downwards, and the 
rcaciKKi R of the tabic acting 
notmally upsvards at the surface 
ot contact In this ease R is 
equal and opposite to 11', tlicre 
being no motion in the scriical 
direction N'ow, suppose a small 
forte P IS applied to the block 
parallel jo tne surface BC. If 
the liody is still at rest, an equal 
force F oppon'/r in direction lo 
P, must liaie been calkd into 
play to oppose rnotion on account 
of friction arbine from contact 
*">2 ST between the two bodies. As the 

s gradually increased, the oppo'ing force of friction 
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F which is a self-adjusting one, also inaeascs at the same rate until 
a certain maximum value is reached. If the applied force be increased 
beyond this value, the block be^iu to move. The magnitude of this 
maximum force, ivhcn the blodt is just on jhe point of sliding is a 
measure, of what is called jhe force of limiting fridiOD. 

When the block has once started to move, a smaller force would 
be sufficient to keep the block moving with a constant velocity ; this 
smaller force is called Kinetic fo'etion or Dynamic friction. The 
same considerations also apply to rolling friction. But it should he 
remembered that rolling friction is even less titan kinetic friction. 

161. The Laws of Lunitiog li^ction : — The following gener- 
alisations, known as the laws of Metion, are due to A. T. Morin, a 
Frenchman, though some of these fcicts were previously established 
by A, Coulomb, another FVendiroan who published the results of a 
largo number of experiments on the subject in 1781. 

(t) Friction ahvay.s opposes modon. 

(it) The force of friedon is propordonal to the normal reaction 
between the two surfaces in contact- 

{Hi) It is independent of the c.\tcnc of the areas of tlie surfaces 
In contact, but depends oo the material, nanire and condition of the 
surfaces in contact. 

162. The Co'CScient of Friction: — If the normal reaction' 
acting across two solid surfaces in contact be ei^al to H,. and F 
denotes the force of limiting friction, the ratio. F/R is found in he a 
constant and is called the co-efficient of static friciion ot UmUittg 
friction and more universally as co-efficient of friction and is 

p 

generally denoted by p, i.c. For any pair of surfeces in con- 

tact, the co-efficicnt fi is always less than uai^. 

163. The Angle dl-'Fii^onz — In the case of limiting friction 

if the normal reacuon and the frictional forces be compounded into a 
single force, which is sometimes referred to as resultant or total 
reaction, the angle, which this resultant makes with the norma-‘. 
reaction, is called the angle of foiction. . m 

case. 

Consider a small block D resting upon a horizontal plane ' plane 
and acted upon by a force P making an angle > with thCjy 
(Fig. 98, a) [P may be conridered as the resultant of som'].i^ plane, 
force and die force of gravity on the block D]. As long. „j, -Llit 
brium exists, die reaction of the supporting surface is eo’"* ‘ / 
a reactive force R which will be cqum, opposite and collin< ®^'?^ 
force P. R may be replaced by ie two components, F 
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tangcmiall)’ anti normaDy, mpcctivdy. to ihe surface of coniact. 
The eoinijonent F will represent tlie frietton between the surfaces. 



and the component N, the normal prcuuro so that ^ sian ij for equi- 
librium. Suppoie the sbding of the Hkck imp^ds >vhen the force 
P makes an angle 9 "uh the sertical (Fig. 08, b) then tan 9 ..(1). 
Again, from the condition of sliding to begin. ft ... 

(i\hcie fi=co-cfI. of friction, vr limiting friction) 

From (1) and (2). tan . . ... (3) 

The limiting angle f whose tangent »s equal to the co-eff, of 
friction IS tile angle of friction or angle of static friction. 

INoie- — The abotc furnishes the Idea of how friction aiTccis the 
rcactior rxertej by .1 supporting surf cc acted on by a force When 
motion impends, the total reac'’ a R exerted by the supporting 
surface IS inclined to the normal hy the angle of static friction p and 
nets so as to oppose the sncnioii. 

When motion is not impendiag. the total reaction R inclines to 
the normal by whatever antpc is necessary to maintain cqtiilibiium- 
aU.'jic an ideal surface 9 is also zero, i^e. the total reaction is 

poteL,mal to the supporting surface] 

Cone of .Static Friction: — In the preceding considerations. 
Tcnical hj. p fFig. 03 ) Has suppos^ to be in the plane of the fi^jure. We 
The P' “ter, generalise h and say that if the force P temams cern* 
ntgh n a cone gcncrarcd hr a line making the angle of static 

^ y^niih the normal to tne supporting surface, the block. D 
’e to be in equilibrium tshaieser is the magnitude of the 
he U ij jj the coBc 0 / «a/«r /ric/ion. 
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t65, Defennioation of Co-efficienf of FVicdon ; — 


0) Horizontal Plane Methods 

table a rectangular blodc. of 
wood [Fig. €9] to act as a 
slider. The contacting sur- 
faces of bodi these pieces of p 
tvood should be as smootli as 
possible. The slider is auacbed 
to a light string wbidi is 
passed over a light pulley 
fixed at the end of the table. 

A scale pan is attached to the 
end of the string passing 
over the pulley. The pulley 
should be so fixed that the 
position of the string above 
the table should be horizontal. 


horizontal ivooden 



Weigh the slider and put a haown weight on it. Now put weidits 
on the scale pan uadi the slider is just on the point of inodon. Near 
about the slipping point, gently tap the tabic to ascerta'n the 
rc<]uired weight to be plac<^ on die scale pan. If if' be the total 
weight of the slider ana the weight placed on it, and W' the total 
weight of the scale pan including the weight tv placed on it, the 
value of the limiting friction* IF', and that of the normal reaction 
ssTT'. So we have, pssIF'/lF. 

Repeat the e^erimeat several times wijh diffetervt weights on 
the slider and again on reverang the block. 


Tlie ratio W’jW for cads set of experiment will be approximately 
the same. The mean value of the ratio is the value of p. 



to tile plane, we have, IK 


rectangular slab of 
1 inclined plane AS 
|Flg. 99(fl)] and gradually increase the 
inwnadon of die plane to 9, until D 
just be^ns to slide down die p.ane. 
Ascertain fliis by gentle tapping as in 
the last method. When tliis is the case, 
the friction acts up the plane 

balanras die component (=!lK sin (?) 
of the weight acting down the plane. 
The normal reaction R acts at. -iglit 
angles to die plane, AB. Resol/ 
in dirccrions perpendicular any 
e~R, and IT' sin e=F. ^ 
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,, F ir siii« F 

, Tr-^irs¥-““‘>' ““'fc--'*- 

/ivatanS; or, the co-elBcient of friction is gimpljr the i.ingrnt 
of the oDgle at uhidi stiding begins. Again tan of the plane 

= Hence, the coefficient ot kietkn is olitalticJ by taking the 

height of the plane and diiiding it by the base. 

Repeat the experiment several rimes and calculate the mean 
value of >i . 

166. Ihe Angle of Hepoic:— In the cate of an inclined plane 
the angle of tadme 0, ^>hich the plane AB [Fig. 96(a)i make* vnih 
the hontontai AC nhen a body D on if lust begins to slide dov>'a, is 
called the engle of tepcse It is proved above that the tangent Ol 
this angle is equal to the ru^Qicieni of iirninng friction It is also 
equal 10 the engfe of /riciimi. 

If the incUnation of the inelinctl plane AB is greater than the 
angle of repose, the force coinpoocot dovn the uiclined plane is 

f realet than that ecquited lo ovetcotoe the Cnctioa F acid the 
ifcrence hetiveen tlieto produces an acccleiauon 
167, Coefficients at FcicUoo (jc):— 


Static Fciction 


lUllisg Ftidisa 


W«:<1 on WCT>d 

MetsI on iBtui 
cm iscod 
I.»!iiheron nwd 
Leallicr on oictsl 
Gnssed lurticas 


C3 (average) 
<rt lo 06 
03 to OS 
03 to 06 


I Rutibcrtices on Caaccete 
BallJiearing on Sue] 

' Tost Iren CD lUili 
Boiler bearings 


OOJ 
O-OG 
OCOl 
0-002 to 
0037 


168, LafTS ot Kinetic (or Slidiaf) Fricrio,t : — 

(1) The fiicuonal force it pt^wtu-Jrtvtl to the normal reaction 
between the two rubbing surfates (The force necessary to maintain 
sliding is less than hinrting friction, re ihe fractional force here is 
less than limiting friction.] 

(2) The frictional force is independent of the area of conwet 
between the wo surfaces, hut depends on the material, nature ami 
condition at tlie surfaces. 

(3) The frictional force u independent of the velocity of sliding, 
provided tlie velocity is low. 
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169. Co-e£Bcient of Kinetic (or Sliding) Friction : — 

If the normal reaction between a sliding body and the supporting 
surface be R, and F denotes the force (less than limiting friction) 
necessary to maintain a low steady velocity of sliding, once it has 
been started, then the ratio, Fi/R, is a constant for the given two 
surfaces and is known as the co-elBdcnt (fit) oi kinetic (or sliding) 
friction. That is, fit =Ft/R. 

The effect of kinetic friction on a body is to oppose the motion 
of the body with s constant force, ft f?. If the sliding body be 
of mass m and moving under a ennstant applied force P, the 
acceleration of the body=(P— If surfaces are smooth 
(fii=0), acceIeTatiQn=P/m. 

THE MACHINES 

170. The Machines : — A machine is a contriv.incc by which a 
force applied at some point of it is overcome by means of another 
force applied a: some other point of it with alteration in direction or 
magnitude or both. It used to be dse practice to call the former 
force the weight and the latiet force the power. But as the force to 
be overcome is not necessarily that of grarity, it is better practice id 
name it the reslstaace (or load) and since die term ptnver is used in 
connection with rate of -work, it will be better to use the term effort 
in referring to the driving force in a machine. The points at which 
the effort and the resistance act arc usually termed the driving point 
and the wortdng point respectively. 

171(a). Mechanical Advantage. — The ratio, > is called 

die mechanical advantage of a machine. The term /erce-rffit'o is some- 
times used instead of mechanical advantage. Ordi- 
narily, a macliine is so constructed that the mechani- 
,cal advantage is greater than one. If in a machine, 
this ratio is less than one, it would be more accurate 
to call it iTtecIujiiical disadvonlage. 

(b) Velocity Ratio. — 

. displacement of drivina point 

The ratio, 5 — = — . is 

displacement of working point 

called the velocity ratio of a machine. In some 
machines it is a constant while in some others it 

Thus, in a simple wheel and axle (Fig. 100) the ^^cehind i'Se!'’ 
displacement, say a, of the effort E will bear a 
constant ratio to the displacement, say b, of the load W. 

That is, its velocity ratto=.-^. 
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III a toggle joint [Fig. JOO{fl)l the ratio of Uie diiplacemcm ot 
ilie_ clTort £ to that of ihc load ir Mill be different for different 
positions of the moving parts of the tnathine. In such a machine 

in vvhich the ratio b vaiiahle^ the vdocity ratio for any given 

positions of its parts Is the ratio of ihe dup acement of the d^vitt" 
. n point to the displacement of the working poinh 
J^ese displacements are indefinitely small 
i 172. Efficiency of a M o c h i □ e In all 

} machines some work is always wasted in 

fnctioa. The lesuit of it is that the work done by 
the effort in a ghen time, called total ti-crk or o'ork 
input \ » Ewoy. gttatti \haii the wmV viotie 

on the tcsmancc or load ( » ){' x b), nUeil— useful 
teork or work outhul. 'Xlie diiTerence of the latter 
from tlif formes s/osi a ort= (£a - l('b). 

The Efficiency is defined ns the ratio, useful 
u-orh/toial uer£ Effiaency evidently will always be 
A Tenji^eiat less than unity Often is is expressed as a />ercen* 
/aje- by muliiplyin" With 100. 
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173. %fccbati{eal ArfraRfages^lfflidencyx Vrlocil; lUilIa':— Let 
E be the effort and If' the load The meekanlcal advomage** 

Suppose the displacement of the dnvsng point is a and that of the 
working point is b. 


_ iVjE Mech. advantage 
ajli “ Velocity tauo 
r hlechsnic&S advaatftge=e!!Lcieo^ xvelocity nttin. 


useful work 

Then, ■ 


174. The Principle of Work : — In any actual machine, the 

useful work obt.vmcd m overcoming the tcowiancc is always !«« than 
the total work done by rhe effort. This is because (i) work has to be 
done in lifting its parts which have wcigUi, and (h) because there is 
always some internal friction which has to be overcome A pesfeci or 
ideal machine is one which has no waght and no iniemai friction, 
For it the useful vvoik is equal to the to'ld work and the efficieney of 
the machine is So tht principle of Work, via alwleiier he 

ike mechmej provided there is no /fiction and t/i«l Ike weight of the 
machine is neglected, the work done by the effort is ahxnys equivalent 
to the work done against the load (that is, E xa s IF x b), is a universal 
principle relating to a machine. It is no revy principle but is the 
same principle known as the pruaple of conservation of energy. 

175. IVhat is tt* Poww is lost in Speed. — From the 

principle of work, Exo=II'xi', assuming the machine to be an ideal 
otit. If in a machine die effort E is less than the resistance IF, the 
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distanoe n thiough whidi the driving point moves will be greater in the 
iSame proportion, titan the distance b through which the working point 
'moves in tlic same time. This is, in popular language, expressed as, 
"‘What is gained in power (c&rt) is lost in speed.” Tlic meaning of 
tthe statement is that whenever mechanical advantage is gained it is 
gained at a proportionate decrease of speed. 

There is never any gain of work in a machine, though mechanical 
advantage is generally arranged for. 

176. The uses of a Machine: — 

(1) This enables one to hft weights or overcome resistances 
TOudi greater than one could do unaided, as in the case of a 
pulley-system, a wheel and axle, a crow-bar, a simple screw-jack, etc. 

(2) This enables one to convert a slow modon at some point into 
a more rapid modon at some other desired point, viz. a bicycle, a 
sewing machine, etc. An opposite effect may also be arranged in 

racDce when necessary. Such changes of speed are brought about 
y belting, gearing, etc. 

(8) Tltis enables one to use a force acting at a point to be applied 
:at a more convenient point, as in the use of a poker for stining up a 
fire, or to use a force acting at a point in a more convenient manner, 
■e.g. lifting of a mortar-bucket to the top floor by means of a rope 
passing over a pulley fixed at the top of the building, the other end of 
tlio rope being pulled down by an agent remaining on the ground. 

(4) This enables one to convert a rotamry motion into a linear 
modon or vice versa, as in the case of a rack and pinion, etc. 

(5) This enables one to convert .n rcdprocadng (to-arid-fro) 
modon into a rotatory motion or vice versa, c.g. a crank used in the 
jheat engine. 

177. T^es of simple Machines : — 

The following six dmplc machines represent the types of 
principles used in making practical machines: — 

(1) Pulley, (2) Inclined plane, (3) I/:ver. (4) ^Tieel and axle, 
{5) Screw, and (6) Wedge. 

178. The Pnlley : — A pulley is a simple machine which 
consists of a gioovcd whed, called die sheave, over which a 
string can pass. The wheel is capable of turning freely 
about an axle passing through its centre. The axle is 
fixed to a framework, colled the block. The puilcy is 
termed fixed or movable according as its block is 
fixed or movable. 

<I) The Single Fixed Policy.— In tliis (Fig. 

101) the load TP is attached to one end of the string 
.and the efforr E is at the other end. IVith a perfectly 
smooth pulley and a weighdess string, the tension of 
die string will be the same throughout. Hence, the 



Fig. 101 
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iuppuficd by a force, acting up the 

plane. 

Case n,-;-Let the force F act 
hofiaontally. ie. patailcl to the base 
AC (Fig. 104). 

Tlic tertical and horizontal com- 
ponenn of li are R cos $ along ED 
and R sin ff along FD. 

R cos and R sin 6=F. 

The mcchamcal advantage, ~ g--cot of the 



plane 


haght 


180. The Lever j — The knowledge of the principle of the Icter 
:a aa Old as Arehitnedcs. A lever is a'Mmpie machine and consists of 
a rigid bar (straight or bent) havii^ one jwioi fixed about which the 
rest of the lever can turn This fixed point is ca.Ied the fotcrum. 
The (oices exerted on or bv the lever may be parallel or inclined to 
•one another. As in all m.scnines, the dnvini; force is coiled the clTnrf 
(or power), and the working force, the weight (or resictcnce or load) 
and let them be denoted by E and IF rcspeaively. The perpendicular 
distances between the fulcrum and the lines of action of the cfFoxi and 
the weight arc c.t.Ied the arms of the lever TJie ratio of the arm 'i*' 
of the eifort to the aim ‘b’ of the weight, in the potitioti of ctjuili* 
brium. Is often called the leverage, «e Icvcrage-a/h, The mechonl- 
, , weight »' 

“I 75§r 

The principle of the lever is practically the principle of moments 
which may be stated as. "// « fever is m eyttfihnam, thr mm af the 
monjen/s fcniAng to turn »/ c/oefarijc rottnd any point is etfual to the 






of the moments roinfing to mm 
It anti-clacktijtse rotind that point" 

So for a lever, if it be in cquili- 
brium. clocAccise tnoment round the 
fulcrum— conlra-Jockutse moment ro«nd 
the same f>o:nt. 

Experinicnf.— Let .a mcire-sticL. AB 
balante on the sharp ed^^c of a wodge- 
shaped piece of wood (Fig 105) and let 
a load ri' say, 200 p^ns . be suspended 
by a string ficitn a paint 20 cms. from 

the fulcrum F. Now find, by cxpcri- | — — ■’ - — i 

ineni. a point on the other side of F p,._ 155 

such that an effort E, sav, tveight of 

100 grvu. applied at jhr point, will just support the load If. This 
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point wiU be found to be at 40 cms. from the fulcruni. It is seen 
at once chat the product of p00 x 20) is equal to the produa of 
000 x 40). If instead of an cffiin. of 100 gras., an effort of 400 gms. 
is taken, the point of balance will be found now at 10 cms. from the 
fulcrum. Again it is seen that the product of (200 x 201 is equal to the 
product of (400 X 10). The driving moment in tHs example, i.e. the 
mornent of E about F is anti-dockwise and the working moment, I’.e. 
the moment of If'" about F is clockwise- 


180(a). The Straight Levers i — When the lever is strai^t, and 
the effort and the weight act perpendicularly to the lever, the follow- 
ing three distinct class« of levers are found in practice. 



I n m 


KE. 105 


(0 ExAF^WxBF, {IT) ExAF^WxBF, 

_ BF - BF ... 

or, Es^xH'; or, 


{ 111 ) ExAF=irxBF. 
or, E=^xTr; 


(!) Rp (reacdon at (li) Ff ssTI'— E. (//I) Ff =E— TF. 

fulcnimsEJ-n'"). 

Evidently, in class I and II type of ievers, if F be taken very 
near to IT'^, the ratio can be made very small, i.e. a small effort 


E can be used to overcome a large resbtance IT', i.e. there is 
mechanical advantage in these cases. In class HI rv'pe of levers, a 
large effort E overcomes a smaU resistance IF, which shows a mecha- 
nimi disadvantage. This airangcinent ^ves IF a large movement for 
a small movement of the effort E, a foci which is just opposite to 
what happens in the other two tvpes of levers. The practical use of 
Class HI type of levers lies often in convenience ; for, in practice, it 
may not always be possible to find a convenient point to .apply the 
effort relatively a,t greater distance referred to the fulcrum than that 
of the load. 


181. Common AppIicatioD of the Principle of Levers: — The 
lever principles, as described abovc^ arc used in our daily life in 
various ways. Levers may be simple or double. Three common 
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appli.iDccs represencaiiie oi ihc three classes of straiclu lexers are 
shown below in Fig. 107, 



+E 

A pdi^ of SciSSen Ylfhatl BarfOtr LoadetJShovo/ 


Fi# 107 


182. Examples of Iho Three Classes of Leven t — 

Cl.tss A comtnoo balance, pump handle of a cube-well, a 
spade used in digging earth, a crow-bar used in mowng a weight .it 
one end, etc. A pair of scissors and a pair of pincers are examples 
of double levert o{ this class. 

Class II . — A cork sguccicr, a crowbar with one end in contact 
with die ground, etc A pair of ordinary utit-iiackcrs is an example 
of double levers of this case 

Class 2/f— llie human forearm (tshen a load h placed on the 
palm and the elbow is used as fulcrum, the tension exerted by the 
{nuseles in between acts as rOort). the upper and lower Jaws of (he 
mouth, a pair of forceps used m a weient box, and a pair of coal- 
tongs are examples of aauhle levers of this class 

183> The ^Vheel nod Axle t — It is a simple machine, and may 
also be looked upon as c modification of the lever. It con'isu 
of two cylinders of different duimcters capable of turning 
about a common fixed axis, the larger 
of sshich is called the trbeci and the 
smaller the axle [Fig 108], The load 
ir w* he raised ts attached to a rope 
coiled round the axle and the efltirt E 
IS applied to a rope coiled round the 
wheel in the opposite direction, so that 
when the rope round the wheel is un- 
coiled. tlie rope roiiiul the .ixle is coi'c-l 
up and thereby the weight is raisctl- 
Fig lOS, shows a section where OB 
IS the mdius r of the axle and 0/1 die 
radius It of the wheel Taking 
moments about O, the .xxis, E x OA 
=n’xOB, 
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The mcckanical advantage 


W OA _ Radius of ^vhcel (R) 
E “ OB Radius of axle (r) ' 


5 drawn from a well i; 


of the 


The windlass by which water i; 
same class as the wheel and axle, 
the craak-handlc of which serving 
the purpose of the wheel. Ihc 
capst^ [Fig. 103 (n)] used on 
board a ship for raising an ancdior 
is also of ibis class. hi it the 
length of the lever arm takes the 
place of the radius of the wbed 
and the radius of the barrel cor- 
responding to the radius of the 
axle. 

184. Screw : — An accurately 
cut screw has many imnonaot 
applications in modern in^soial 
machitice. The screw gauge and 
the spherometer which are two very 

common laboratory instruments also work on the principle of the 
screw and the nut. 



Fig. 108(a)— Tbs Cspsloa. 


A screw can bo considered as an inclined plane wrapped round a 
cylinder. The connection beiween the inclined plane and the sretv 
h sliowD in Fig. 109. 


— >1 
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Fig. 109 


ft sliows a solid cylinder having 
one turn ABCD of a helix marked on 
its surface. The right-an^ed, triangle 
A'OD' is die development of that part 
of the surface of the cylinder which 
is btdow die helix, p=pitdi of the 
helix, « inclination of the helix, 
d=:diametcr of the helix. 

Then, tan o^p/rrd. 

Actual screws arc of metal or wood 
and dilfcr from the above ideal screw 
in diat they always have a proruber- 
am dircad (forming the helix) cut 
rk in a nut which is 
i similar screw is cur, 
The screw 


on tlie cylinder. This enables the screw t 
a hollow coder on the indde surhice of which s 
the threads of the screw fitting in die grooves of the r 
is rotated in the nut or the nut on the screw by .a force applied ... 
ivhecl or lever attclicd to the rotor. On account of die rubbing 
between tbe rotor and the stator some friction is inevitable and so 
the useful -n’ork obtained in an actual screw is less than the work 
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that should be got out from on ideal s«ew. So the rncchinkaL 
adk-antage of an aaual screw is less than the \clocity ratio am! the 
cffiacncy of tlie scretv is alnays Jess tlian unity. 

Threads ol screws are generally triangiil.tr or squ.ire in section 
as shown in I'lgs. 110, (o) and (6), respectively. Screws arc conven- 
tionally represented as in Kg. 110. (cj. A sctcw and a nut form x 



lelative pair. The ^Vhi^v\orlh V-ihreatl in which the angle of the 
thread is 55°, shown in Fig 110, ((f) is perhaps the must used thread 
in Engineering. 

Pitch ip) 0/ rereawf/irMd— Tlie distance through which a 
screw moves when it is rotated once obout its axis is caTletl the pitch 
fit the acrew ft is the same as the axial distance betweea two 
consecutive threads of it as shown m Kg 14 
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LfiiJ of screw-threed — It is the ac.ual distance a rtut on die 
thread vsoufd travel in maUng one complete rotation. ^Vhen the 
screw is angle-threaded, the pneb smd the lead ate equal ; when 
doubk-threaded. the lead is twice tite fitch. lu general, when the 
sercTv IS nnVnrndti, iVx \twA » m vVfiit:* \%ft. ^Vtb.. ?v?.. iWfiV 
in the three diagrams from left to right, the lead of a single-, double-, 
and treble-threaded screw. 

Bach'lash. — Tbis enew I* present in almost all instruments 
with nut and screw. If due to wear, or any imperfenton in manu- 
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facture, the screw is a loose fit in the nut, it may so happen that 
equal rotations of the screw-head in opposite directions produce 
unequal linear movement of ihe screw, or any rotatory motion can be 
given to a screw ttitltout causing any translatory movement o£ the 
nut when the latter should move; then an error called back-lasb exists 



Rg. H0(i) 


in the instrument. When a screw and nui principle is uulised. for 
measuring a small distance, ns in the case of a spheromercr, the screw 
should always be turned in the same direction to avoid baek-lash. 


185. Some eommou ApplicatioDS of the Screw t — 

A screw jack [Fig. 110(h)] used for iiftir^ heavy loads like an 
automobile, a screw-press or letter-press used mr compressing bound 



books etc., a vice used in workshops for holding jobs 
grip, are common examples of a screw. 
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186. Velocity Ralla and EfHcieocf of a Scrcvv>|3ck : — 

Let a singlc-threatled screw [Fie. llQ(o), left] of pitch * wotkin^ 
In a nut support a lo-icl of svdt;bt IF and a force P be apiiliccl in ihe 
horixonral plane to the end J? of a lerer CD (Icngthesfl) fitted on the 
screw. Ib one complete turn ct the lever arm, distance travelled by 
the effort P=i2jfl, while the load is moted up throii(;h a distance p. 

The velocity ratio tV.R.)=2-7a(p. Since the iiieclianicat advan- 
tage is IVJP, 


the effidency 


t^rk gt^om 
work put in 


«(IFxP)/(Px2.tO)=W..4.x 



riamples. (/) /« en trptri- 

tnfHC, a terite-/3el u anangti t» 
t« itriiin by o jniHty oi lAetm is 
iJOI,d\ Tht lead cf lAi 

icrcte {umjU Mrrs^iifJ tt i l/ieh, 
a»i l^€ dwmiftr of dli pulhy 

IS li titehei K> 3 ual due vtlghlt 

;• Cf if. Ui «Te scia (0 
It laatt J>' tif iSO Iht ilaniy a«i 
srtaitily. f't’<ii (li< ijfietiney cf 
fotA. 

In this cats (iinglo thmdsd 
«creir}, Oie had la e<]ual te l1i« 


j» ^ djstsficr moved hy effor t P lot o ne tomrhlc tam of seiew 
' ” distance mooed up by load 


g-(18/2 ) tiroum fcrenre oX Pyjl*? m v tPv 2.=. 75 X 

■■ laltli o! acrevr 


irxpilch of tcr ew =31Ux 

i'Xcwcnmfereneo o' pulley 


<\ 1% 


(J) /n tht tcTtxcjaek aA-wis in F,g. 116(0,. Xht crott bar u 

tong, tht ItttUtd vhctl hat 10 trtth tnjajiita srtti a irieel of IS Utth 
rmece a eneic of pl<c^ | sn. £Aoia that tAe ccfoCiCy rotio vi ISS 


(J) Tht Itngth of eatA arm of « tcnw-jittlt [ria- ^W(4)} u C sn. <in<t 
tha piteh Of JAc ttriir Ifi in. Pmu of Si Ib.-trl. are app/itd to tad arm. 


TTojk put ia-14X?TX6/12 

Wrirk got out"irxl/(‘*'<'’2) tt -llts , wbera Il’<=rtsi3!aBc» io Ibl.-vst, 
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187. Wedge : — A wedge is a simple machine consisting of a solid 
block of metal or wood shaped as an mdined plane. A small driving 
force applied to the wedge results in a much larger splitting or separat- 
ing force. It is commonly used for rai^g heavy bodies, lor propping 
up a sinking wall, for widening a gap, fiar breakmg strong cover joints, 
etc. [Fig. lll(rt)]. 



Fig. U1 


A double wedge (angle of die wcdge=<?) is shown in Fig. 
being used for widening n gap. Tlie sep.arating forces generated 
produce equal reactions IF, W .it the edges of the gap. Ine forces 
P, W, W c.an be represented by a triangle shown In Fig. 111(e), 
neglecting friction. 

Here P=2 IF sin ^/2,.,(1), and M.A. = IF/P=jj^r^ ... (2) 


The action of an axe, or a knife, 
or a nail may be treated as that of 
a combination of two wedges (Fig. 112). 


Example. Ths angle of a weiffs is 10'. 
Find the apiitting force cxcrUil fry ii wfre* 
driPeri by a force of 15 Ibs.-vit. and the 
Mce7icnical odvantepo. Neylect /rietjon. 


enualioQ fli of tho preceding artidc, 
F = 15=2x (rxsin 10= /2, 

or, * _i§ =86 lbs.-wt. 

2sinS° 2x0'0872 

i!/..4. = Tr/F=86/15= 5-73. 





Fig. 112 


188. Magnification of Displacement by the Use of Levers : — 

In machines and instruments it becomes very often necessary 
citlicr to magnify or reduce the displacement of a moving clement. 
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This is rcalbecl in pracucc usually l.y usinjj 3 le\cr or lexers. 
Fig. 113 represents an arrangement of rloubte Icters used to miPnify a 
small displacement ri, cousctl by an effort £ at the end H, ol a letet 



Ti)? ItS— A M^^lfriSS ®f L*'m. 


A,li^ to a larec displacement d {in two stages) at ihe free erd iJ, of a 
second leter fulcrum of die first letei is F, and that of the second 
Fj. the working po:nt B, of the first lerer being rigidly connected by a 
stout rod to the druing point rl| of the second lever, happetn, 

when the driving end <4, of the tirst ioet is given a Dniie displacement 
d, by the action of the effort E. t$ shown by the dotted lines. 

Oserall n>agnifica(IOD= y "■ 3 * ^ 



190. The Common DalatKos— A common balance i< an 
instrunieiit of utmost usefulness. It provides us with a itady means 
of mco'iucLB.e th/t oton ot i b«id.y» We da ooi twa&uce the irc»g/it 
of a body directly with if, though sve ordinarily sar that vc do 
A balance of this type is used by the grocer and this shows iis 
irnpvortance in OUr dailj’ life. A sewtr.'e balance of this >ype, usuallv 
referred to as a physical or chemtcal balance, is an indispensable 
necessity in the laboratory. 
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Description.— It consists of a horizontal rigid beam balanced 
at its centre on a knife-edge which rests on an agate plane fixed 
on the top of a vertical pillar 
(Fig. 114}. 

Tivo scale nans of equal 
weight are suspended from stir- 
rups (or hangers) carried by knife- 
edges at iltc two exircmiiies of 
die beam. The distances between 
The central knife-edge and tliose 
at die extremides aie called the 
arms of die balance, which 
should be equal. A long pointer 
attached to the centre of the 
beam moves over a graduated arc 
(scale) fixed on the pillar. For 
acairacy, jhe pointer should 
swing evenly to equal distances Fig. 114— A Pbysicsl Babnce, 
on each side of the middle mark 

of the scale. There is a lerer arrangement (Iiandle) by wltich the 
pillar, which supports the beam, c.m be lowered and the beam arrested 
in order to preserve the sharpness of the knife-edges. 

The method of use. — To vse the balance, it is first of all levelled 
by levelling screws provided at the base boaid and then adjusted by 
means of two screws fadjusting nu.is) at the two extremities of die beam 
until the poinicr oscillates equally on botli sides of the middle division. 
Tile body to be wciglicd is then placed on the ieft-hand pun, and 
•weights from the weight box arc added on the right-hand pan, until 
tile pointer o.sciUaies in the same ivay, as in the case of the unloaded 
beam ; it is then that the weights on the two sides are balanced. As 
the arms arc equal, the too weights on the two pans are also equal. 
So the weight on the riglu-band pan is equal to the weight of the body. 

Weight Box. — The weight box [Fig. which is supplied 

along with a balance contains the following 
ivdgbts: 100, 50, 20, 20, 10, 5, 2, 2, 1, 
grams. Besides .these, the box contains 
a few fractional weights, from .500 tngms. 
(i'a 0'5 gm.) down to 10 rngms. (i.e. 
Of)l gm.). 

Rider. — For accurate weighings by 
•means of a good balance, a bent piece 
of wire of mass 10 mgms. {i.e. a centi- 
gram) called a rider, is often used. Each 
I'ig. 114(n>— The Woishl Box. arm of a good balance is divided into 10 
equal parts (Fig. 114) and llie rider can 
he placed on the right arm at any one of the points by means of a 
sliding rod from outside the case, in addidon to the weight from 
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ihe weight hox altcadr placwl on the pan, un\il the pointer 
swings equally on both suies. Wlwn the rider is placed on the 
lOtli division, *>. ,at the end of the atttt, U U equivalent to addin;; 
10 lagms on the corresponding pan of the balance. IE the rider 
is placed on any other division, say the J.st, the cqiiivalcnt wciglit on 
the pan hccornes ( x 10), » r. 1 mgni , and so tlie rider placed on the 
ntli dirision is rqmvalent lo adding n ingins on the corresponding 
pall 

(a) Principle of Afeasiirenient. — A common balance is an 

example of class I type of a Jcier in 
which the tiio arms, AF and BF, of a 

heam AB, F being the fulcrum, are 

equal (F^g. IWfh)] Neglecurg the 

weight of WO, and of the two scale-pans 
hung ar A and 0, lE the beam remains 
U4{liJ ‘n cijiiilihriom at the horizontal position 

when a weight W, is plated on the pan 
at A and a weight Tf’, on tlv« pan at B, we have, by tahing moments 
about F, 

n\xAF^»\xDF .. (1) 

liut BF=Ar It', = 11'.. Tim is, the wright on the pan h 
equal to the weight on the other at the position of balance cf the 
beam in the horizontal position This is the pTmeipIt of measure* 
rnenc by a common balance 

In practice, the weight of a given body is Isvhnccd hy the tom- 
binrd weight of a nnrooer of standard masses of known valwcv fjet 
m be die mast of the given body and m', the combined value of the 
standard masses requited for balanciog. 

Then from (l>. the two wdghts bung equal, wg^ns'g, where g 
is the acceleration due to gravity at the place, or tn®nt'. That is, 
an unknown mass is measured in terms of some standard masics 

Nolo.— (i) If’eighiii" by a balance means the dctctmiiiaiion of a 
known mass which has the same weight as that of the unknown mass . 
and mass being proporuonal to weight, a common balance i‘ u'cd 
only to compare the masses; for let W, IK' be the weights of 
two bodies in pourdals or dynes, as the one may be, .and Jet ihcir 
masses be fn and m' respecttiely. nien we liarc. IK=nig-, and 
where g is the acceleration due to gravity at that particular 



Tlius, the weights of two bodies at a ei‘’en proportlonaf 

to their masses. 

(ff> The position of equilibrium Iw any two masici is iiraltMcti 
hy taking the balance to another place whetc- the i.alue of g is dillcr- 
ent when weighing is done by a amiroon balance. 
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191. Theory of the Common Balance : — Suppose ilie beam 
AB having equal arms AF and BF turns round the fulcrum F, which 
10 dimmish friction, 
is made of an agate 
or steel knife-edge 
resting on a smooth 
agate plane [Fig. 

114(c)j. Let n'j be 
the weight of the 
beam and pointer. 

Lej us assume tliat 
tlie centre of gravity 
of the beam and 
iP o i n T e r, through 
'vhich IV acts, lies at G on the line FG wltich is perpendicular to iho 
beam through F and is below F. Let wo scale pans of equal weight 
S be hung at A and B. If now neatly equal weights \V and IT-" be 
placed on the pans at A and B rcspcctircly, and thereby the beam 
lie tilted from the horitontnl through we have, by taking moments 
round F, 



S). FM= Wy FL-^ (If"+5). FN 

=»WyGR+OV'+S).FN 

Also, FAfssF/I cos9=<j cos0s=FN, and FL=GR^h sin 6. 
(IF+S) n cos e=>W, h sin e+(IF' + S) « cos ... 


sin 0 


'stan 0= 


(IF - lV') a 


... ( 1 ) 
... (2) 
(8) 


192. Requisites of a good Bnlnncc: — A good balance must be 
(ff) true, (h) sensitive, (c) stable and (d) rigid. 

(e) True. — A balance is stud to be true tf the beam of the balance 
is horizontal when eq7iaj veights or ho weigins, arc in the pans. 
Equation (8) shows that ^=0, when either W~\V', or R'’t=0 = lF'. 
Tliercfore, it follows from the assumptions made in arriving at equa- 
tion (3) that a balance will be true provided the arms arc (i)' of 
exaedy equal lengcli, (if) of exactly equal treight, ie. the C.G. lies 
on the perpendicular to the beam at its middle, and (itV) the pans arc 
equal in weight. 

(b) Sensitive. — A balance is said to be sensitive, if for a small 
difference between IF and TF', the angle of tilt 6 is large. Equation (3) 
shows that for a given difference bet\t«ea TT' and IF', tan S or 6 will 
be large if a is large, and IF, and h smal l Therefore jhe conditions of 
sensitmty are that the beam should be (t) long, (it) light, and (in') its 
centre o( gravity as near the fulcrum as possible. 

(c) Stable. — A balance is said to be stable, if it quickly return.s 
to its position of rest after bang deflected, ivitlt equal weights in the 
pans. Equation (2) shows that, when (^+S)=(lF'+5), the only 
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reswritig couple (le. the couptr nhich tends it> restore the beam to its 
position of test) atises ficau tbe nright of the beam. Hence for 
stabiiny, should be htige (of course tlic CC. must be below the 
fulo-um F). That is. for a giten saloc fox If', consisteat nitli the 
ri^dity of the jnsiroment. ilie condition for stabtliiy is that h should 
be large, j.c. the C G as much below the fulaum as possible. 

(d) Rigid.— A bal.anrc is said to be rigki, if it be siijTiciently strong 
so fls not to bend under tlic sicigliis it is iatended to carry. 

Note.— For a balance to be scnsiihc, the C.G. of the beam should 
be ns near tiie fulcium as possible ; tthlle to be Stable, the C.G. should 
be as much below the fulcrum as possiUc. Tvidenily, great sensitite- 
ress and quick-ucigliing .are ■ncomn.'tiiblc in fhe same balance. In 
pracuce, these opposite conditions, noneter. do ttot present much 
difltcuUy; for, in balances lequiring high scnsiW'Uy as m the laboia- 
toty balances, accuracy of weighing forms tb« main cTiictiisn and 
({uickncss of weighing can be sacrificed to some extent. On the 
other hand, m commercsal balances as used by crocers. etc. when 
large masses are used, speed in ucigliing is more looked for than high 
nccuracA’. A compromise between thie mo opMsite cuiidiiions is 
adopted when it is desired to combine the ()uauue5 at censidvenest 
and cjuick Viciching in the same balance to a modtiatc CXCtnt. This 
» done by ninl^g h neither too sm.xll. nor too large 

19d. Test of Accuracy of o Balancoi— Ixtr <2 and b be the 
lengths of the armi of the iMlancc. S and S' ihc neighn of the icale 
pans Now, i£ the be.tm is hnnzonml with empty pans, we have, bv 
laUnc moments about the fulcium. Sxo-=S'xo., . fl), pTovwled 
the CG of die beam hes on ihe pcrpendtrular to the beam ihrough 
the fiiicruni 

Again, the beam will be liontontal, if equal weights ir. Il’ arc 
placed 00 the p.ins. We haie, then. fU'-eSl o* (H +S')t' . . (dj. 
From (1) and (2) we get. iro-II It, or a-h, te the arms must be of 
equal IcEgih ; and since Sa^S'b, wc btixe 5»S'. le 'be scale pans 
mu.se be of equal ncichr. So, to test the accuracy of the balame. 
first see i{ the beuia is horizontal ohcti the scale pans .are empty. 
Then put a body on one of the scale pans, .ind put weights on the 
other p.an to b.ilancc if. NWr intcrebange the body and the weights 
on lUe iwo pans If (he beam of the balance is still horizontal, the 
balance is true, otherwise it is not 

JM. Weighing by Iho Method of OsciJIalion Tlie operation of 
weighing by .1 sensitive bal.ince laLes a scry long umc |^forv the 
beam comes to rest, ft is, honcser, unnecessary to wait till the 
pointer comc& to rest, for »c can, cadculate the position which 
pointer would occiipT >1 the balance comes to rest, Tlus can w 
done bv obsening the rcailui^s of die sf.ilc cotresponding to the 
turning* points of the poimer noile the balance is swinging "pie po'i- 
■ tion so determined is called die *restiag-poilU’ (wiittcn, HP.) for a 
. ictiJar fidjustment of weights and lo-id, or for empty pans. It i‘ 
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more accurate and much quitter to perform the weighing b}' this 
method, which is called me Metbod ot oscillalioo. This vielhod 
is suilable ■when the sceight to be taken is small. 

Pcoccdutc. — Imagine the scale difiaons, over which the pointer 
mores, to he numbered from left to right, as shown in Fig. 114(d). 
Slowiy raise and lower the beam two or three times so that the 
pointer strings over about 3/4 of die scale divisions. When after 
two or three oscillations the motion becomes 
regular, liike a reading (say, 4) of the rurn- 
iag point of the pointer, by avoiding parallax, 
as it swings to the left. Tlien read the ex- 
treme position (say, 14) of the subsequent 
swing to the right- Again read the next 
swing to tlie left (say S). 

Thus .three readings, one to the right 
and two to the left, have been taken from 
which the R,P. for empty pans can be calcu- 
lated in the following 'way. Take titc mean Pig. 114[rf) 

of the two left-hand readings, i.c. the first 

and die third readings. Then the mean of this mean and the right- 
hand reading, i.e, the second reading, will give the mean R.P. for 
empty pans. 

For greater accuracy five consecutive readings (tsvo to the right 
and three to the left) should be taken. The R.F. for the empty Jians 
is found as abot'c a number of times and therefrom the mean R-P, 
(say, *) for the empty pans is obtained. 

The reason for taking an odd number of observations is that the 
arc over which the pointer swings continually grows less due to 
friction and air resistance, and thus if only tt'o observations, say, 
one to the left and then another to dve r^hc, or two to the left and 
two to dtc right, arc taken, the position of r«t obtained by taking the 
arithmetic mean of these two will be too' far to the left. The mean 
of any odd muu'bcr of observations, obtained as above, trill represent 
the true position of rest more or, accurately. 

Next place tlic body to be weighed on die left-hand pan and try 
to get its weight (a?) by adding wts. on the right-hand pan until the 
pointer oscillates tvithin the scale. Let the mean R.P. for the loaded 
pans be y. 

Next find out the mean R.P. (z) when die wt, w on the right- 
hand pan is increased by 1 milligram or any such small weight. 

Now, it is necessary to calculate out what weight must be added 
to or subtracted from to in order to reduce the R.P. from y to x. 

Calculation. — 

True wt-=w+ x{y— .v) gm., when y>-v. 

, ' OOOl r . ^ 

If y.is less than .r, true »n.=a'— gtii. 
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Note, — Aa the aenalxKty ot a balance tarics with the load, it 
should be calculated cicrytimc a body is neighed. The scttsibiHly o[ 
a balance ts clefinej as the cAtfiigr of the resting foiut line to a change 
of some definite ttctghl, usually one tnsUigram, in one of the fviis. 

195. The Method ol Doable Weighing The iroc weight of a 
body can he delermined nith the hdp of a false b.il.iftce by any one 
oi i^c following tivo mciliocls of Doable IVeighbig— 

(i) Hie Method of Substitaliun (Dorda'j Meihodi — Place 
tlie body to be weighed on the left-hand pan and counterpoise it by 
sand for any other consement substance) in the right-hand nan. Then 
remote the body .mil Tcphsce it by known weights tn bil.tnce the 
sand Since the body and die svcighls both balance the sand under 
exatily the larne coiidttians, they must be ecjual. 

<i0 Gauss’s Afethod.— Let a and b be the lenpln of the arms. 
Piece 0. body of true weight IP in the left-hand pan. anti let ict 
apparent weight be if',. 

Then, taking tnomencs of the force on each tide. 

U'jtu-=ir,*A <I) 

Now pul the body in die tight-hand p.in. and let Tl', be its app- 
rent weight, then JP, ><<»•= IP xf» fd) 

From (1) and (2). ■* ” / • n’»=>!r,x tl’, ; 

or. IS) 

Thus, the true iecig/it ts the geoiuemca! wean of the itro ap/«- 
rent veightf. 


Ratio of Ific arms. — 

From eq (1), am! from cq (2), , 




196. A False Balance t—iW usint; a ''alse hdlancc with unequal 
arms, a tradesman uill defraud himself ii he weighs out a substance 
(to be ghen to a cuscorner). in equal qitoiititics, by using alternately 
each of the scale pans. Let W be the w. c ueisjht of the quantity of 
a substance which appears lo weigh IP, and sucicssisely by 'he 
iKo scale pans of a Vtlance of which a and fr are the letyjths of 
arms. Here the euswruer gets (If'i-f lf%) instead of (II -t- in. i e -1” : 
and v,c base, (from eqs 1 and 2 of 


Art. 103) 






{a-bi* 

<sb 
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The right-hand side of the equation is altvays positive whatever 
be the values of a and b, and so is always greater tlian 

2JV. Thus die tradesman de&auds himsdf by the amount IV ^ 

^ ah 

Hence, at the time of purchasing a substance, a customer should 
always insist ou having half of that substance weighed on one pan 
and the other half ou the other if he doubts the balance. 

Example. An object is placeJ in p»« stale pan, and it is balanced by SO lbs. 
Tilt ohjtel is then put into the other sade pan, and iuho it takes 11 lbs. la balance 
it. irAen both acoie pans are empty, the Sidles ftaJaira. What is the matter with 
the balance, end what is the true weight of the abject ? {Pat. l3Si\ 

Two different woislils are reqoired to balance the same object when placed 
OR dlKerect pans of tb« balance, 

'because the aims ot tbo balnnco are 
unequal [vi de A rt. 195, «T]. The 
true wt.= ^/20 x 81=20'494 lbs. 

197. Tlie ComiDOD (or 
Roman) Stoclyard : — This is a 
form of balance with unequal 
arms and is used for rough 
quick weighing. It consists of a 
graduated beam AS (Fig. 115) 
movable about a feed ralcium 
F very near to one of its ends. A knotvn sliding weight E slides 
over the arm AB. Tlie object IT to be weaghed is suspended at _a 
hook A and then the beam is made horizontal, that is, the body is 
balanced, by changing the position of E. It should be noted that the 
graduations arc correct tvith only a constant weight E, and if this 
weight is changed, the graduadons must be changed correspondingly. 
If M be the weight of the beam aedng a? its centre of gravity G, we 
have, for equilibrium, If'xriF=:(MxGF)+(ExBF). 

198. Platform Balance : — The platform balances often used for 

weighing luggages and parcels in Railway Stations work on the 
principle of a Common Steelyard. It consists essentially of dirce 
levers and A^bF^ having their fulcrums rcspec* 

tively at F,, F^' and F, [Fig. H5(a)]. There are nvo knife-edges. 
a, and b, fixed on two separate levers, upon which the platform- 
P of the balance rests. The pressure exerted by any load placed on 
P is cominunicaiecl to the end Bj of the lever FjrijB., which again 
is attached to the point A, of the uppCT lever by a vertical rod 

In the lever F.A~B,, the arm FB, bang much longer tlian the 
arm F.A., a very small force is required to balance the force 
exerted* on a platform P and this force is again balanced by the 
force on the upper iever. 
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The upiM:! Je\er h:is ijs Tul- 
autn F, very near to jl, anti so 
a small vsciphi acrinj; at B, can 
balance the force communicated 
in A,, 

The stanclatU weights sus- 
jicodcd at the end 21, constitute 
the effort jn this ease for lialarc- 
11 ^ the load, and small fraction 
oC Heights ate measured by 
sluliug small weight along the 
graduated rod F,B,, 

Very big balances having 
la^er putfotnw used for ueigh- 
log loaded carts or wagons of 
coals, etc. are called uclgh- 
btidges. 


K9. The Spriug Cslatice e— A Spring balance u esscmially en 
instrument for measuring a force ^ the weight of a body uhlch 
Is a force can be <l«crnnne<i »Uh it. It consists of a r^w 
Axed at its cop to a metal plate iianring from a nng attached to a 
rigid support and at the ioncr cna m it is attached a hook for 
supporting the body to be neighed (I'lg 110^ An inJejt or a 
pointer, attached to the spring moves .along a metal scale which 
18 graduated in gram» or pounds ivith the help of knoivn weights 
Tile body to be weighed is suspended from the nook, and the 
95 elongated due to the force ttti/i vhich the body n anractea 
by the earth The position of the pointer on the metal <cale 
indicates the weight of the body which is the measure of the force 
vvitii which ir ii> .attracted towards the 
centre of the earth So l>y a spring babnee 
the Weight of n badv at a given place i 
direcily oblained, and tins wdglit nil 
di/Ter at dilTcrenc places as die puU on tit 
spring due to the force of actmction of the 
earth changes from place to place So a 
spring balance can gt'c the true weight of 
a body only at the particular place where 
it was gr.iduaied IJy a spring balanca 
we compare different ang/its while liy a 
conoiiofi balance ’^e compare different 
nuisses and not weights 

Principle. The piintiple of live spring 
balance ma^ Le learnt by arranging a ^wral, 

'e of ihin steel v\ite, to itime in a groove Fig 116— .1 
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betwetn nvo scrips of wood. The uj^ier end of the spring is eJamped 
and the lower end carries a scale pan and a pointer or index, which 

moves over a millimetre scale attadred jo the side 

of the spring. Tliis forms what is called a spring 
balance or a spring dynaniomclcc (force-measurer). T ^ 

Experimenl. To grodvate a dfnamoneior (Fig. 1.16(0)], J ^ 

fix it vertically .ind nark the initial position o( Die pointer. ^ 3 

Add known weights, aay 10 gms. at s time, and read the ^ = 

position of tho pointer aiter each addition. Repeat these q) = 

okserviitions until the spring is extended to nearly twice iU S< E 

yrigiiiiit length. Then reverse the process, ».e. remove the 3 ^ 

weights step by step, .and note the re^uiga as before. 'Tabu- c( = 

late the readings. Find the mean index readings for the C5( 5 " 

loads increasing and loadE decreasing, Ot ~ 

Nu' 7 plot Ji curve (Fig. 117) taking weiglils as abscissx g ^ ' 

and tlio mean index readings as ordinates. fAe grapi, it u 2 so 

etrnijAt fine, Tlie mean »lon8®'^n>t for any •weight is the 3 5 

difference between tho corresponding mean index reeding and ^ ~ 

the no-load rsadiijg, S = 

ConclosioD. — n»e result of dte above expert- ®\ £ 

ment shows that (*) the amount of elonzation is pro- 3 =- 

portional jo the load applied, and that (ti) the spring 3 E 

used is a very eksuc material ; because on the 1^ ^ 

removal of the various loads, the index returns to k E 

the original position, lire first of chctte is known as T ^ 

Hooke's Law.* S_ 

Esperlmcnt- Dctcrmintition 0 / an untnoam looight , — { i pl ) ;; — 

Placs a Email object on the scale pan of (be dynamometer and U^j — 

note tho position of tlio index, which is, sny, 8'2 cme. Now, s ' 

by means uC the graph, se obtained above, deduce the weight ^ 

or tlio ohjeet.. I'he weight as indioalcd by the graph li’ig. ss 

mi i. 69 sm. , . , . rij. 116W 

Note that, unlike a common balance, the spring 
balance not only measures the absolute weights of bodies, but it 
can also measure oilier 
forces, after its scale has 
been calibrated by compari- 
son 'vkh known forces. 

200. Distinction be- 
tween Mass and Weight; — 
The mass of a body is the 
.quantity of matter in tlte 
body, and the weight of a 
mass Is the force with 
which it is attracted by the 
earth. 

60 If g be the acceler.tdon 
Weight In gm. <{ue to gravity at any place, 

Fig. 117 the weight of a body of 


* Tliis has been treated separately in Art. 203 aoder ‘Elasticity’. 
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niasj fn grams at that place is ntfr d^cs (Art. Hi) So, at dificrtnt 
places the ncighc of the same body uill he difTcrciit if die s.ilue of g 
be <liflfcrcnt. but the mass, or tlic quantity of matter in the holy, 
remains coasiant. Tlie talue of g d'dets from place to place on the 
surface of the earth due to — 

(a) The pccuhar shape of the rwt/i— The earth is flattened at 
the poles, the polar diarneier hein}* Jess than the equatorial diameter 
by about 27 miles Cvictendy the vahie of g is greater at the poles 
and so the same body would weigh gteater at the poles than at the 
equator; that is, the xrejghi t>f a boay incte<isCs from the equator to 
the poles, or, in other words, the wrigiil erf a Ixxiy Intrcases ivitli the 
latitude of the place 

For example, the ehsclute veight of a potted- mass varies from 
39'091 po««di*/j at the iqiiator to H3-2S5 potindals at the poles; and 
the itetght of a gruui wur.tt varies from 978’W dynes, at the 

equator fo 9Sd 11 dynes at the poles, 

(b) The altitude of she plate~As the saluc of g dterea^tt 
w]ih (he increase of altitude, being tntersely propariiunal to the 
square oi the distance of the Ixxly (rom the centre nr tlie e.irth {vide 
Art flH), the weight of a liorly dccrc.ises in higiiet altitudes, the inasi 
ternatuing constant For Instance, the ocighi of a 10 lb Ixxly, at a 
height of dO.OOO miles, would be about as rnucU a$ an ounce at the 
eutface of the earth Again, since the salue of g ts less inside the 
csith [being dtrecify pTnpnnional to ihe distance of a body from the 
centre of the earth (tide* An. ilSt), so the weight of a l>otly decreases 
as it is taken down inside the earih, sav. to the bottom of a mine ; 
the greater the deptli, the less is the weight Tlius the sceight n roc 
an essential properly of matter, as a bodr taken to the centre of the 
earth, where the saiuc of g is rero, would h.sic no ncight but the 
mass of it will remain unaltered 

(c) The Torafion of she earlJi— The saiuc of g also differs 
owing to ihe diurnal romlion of the eartk vbovi Us atss, due lo 
which eiery body on the eartli’s surface also revolies and in order 
to keep the body in the drctilar path a cert.tin fraaion of the true 
weight of the body Is lost So the oliserted weight becomes Jess 
than its true si eight [irde Art. 99(c)|. 

At any place the mass of a body is projratibnal to its weight 
This means that if a piece of iron weighs fiie times as much as a 
piece of lead, ihc mass of iron is fisc limes that of the lead piece, 
llcrce when we obtain the weights of sanous bodies, we also measuie 
their rcspcciiie niaises. 

Afass is measured m grapjir or pounds, while weight should \k 
measured in units of force, ie. rfy»i« or poundah Ordinarily 
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however, the two words, mass and a/eightj are used as synonymous, 
because, as stated above, we get only s comparison of the masses by 
weighing a body by an ordinary balance, ana so the weight of a body 
■ai a given place may be regarded as a measure of its mass, and this 
has led to the tisa of the units of mass as units of weight. But we must 
be beware o£ fbis double meaning of Sreight’. 

201. Detection of the Variation of the Wei^t of a Body with 
Change of Place Tiie difference in the weight of a body at dSferent 
places cannot be detected by an ordinary baUnce, because the body as 
well as the ‘wts.’ that are used to weig^ it are both equally affected 
by the variation o£ g. So, if a weight is balanced at one place, 
the balancing continues when the same is tzdten to a different place. 
The difference in weight can, however, be detected by means of a 
delicate spring balance, where tite body depresses the pointer to 
■dilferent discauccs, . as the force on the body becomes different for 
different values of e. For instance, if a cubic foot of water is 
weighed in a spring glance in London and also at the Equator, 
the indicated weight would be SJ 02 . greater in London than at 
the Equator {vide the table in p. 04). Similarly, it would be } 02 , 
greater in Manchester than in London. 


Examples, (f) d it veijhcd in 0 spring balanee at a pines w/isre 
flaSSO'Si. and tht riading iniicattd bp the balance t* .10 prsrns. TKAst teilZ tkr. 
riading oe, if (he todp be taken at a place vhete g=0Sl‘Sit 


Let IT, and W, fee the readings «f the spring balance, p, and g, Uio 
corresponding values of g-, ibeo, if m bo the mass of the body, which la tiie 
same cveiywhere, wo have. 


IP. mg, 

TF7~ TaffT' 


IT,. *xr,. BgKS .SMSI,™. (ocrly). 


(f) If the weight of a mm it JBO Ibt. on o beam balance at a place where 
a = 0S0'SeB cm.lttc.-, how much ii>o«W he weigh on an flccurnte rprino balance nf 
the P.quatoT and at the PbU (g=9SS-I) ? 

The mass o( the wluch remains constant both st the Eqaator 

and at the Pole. 

If w' bo the weight o( the mass at the Equator and g' tho value of accelera- 
tion due to gravity, we h.-ivc, tfr'=iiii?''= X078-l=159'56 lb. 


Similarly, if w" be the weight at ttic Polo, w" = X 983'1 =160'S9 lb. 

(S) If the matt of the earth it SISS limes that of the mean, and the diameter 
of the earth is 2-S7S times that of the moon, comrpare the *»et'_7A4 of a body on the 
surface of the moon with its weight on the surface of the edith. 

Wb know from tho law of gravitation that tho forces nf attraction between 
two bodio.s are directly proportional to their masses and inversely proportional 
to the square of the distance between them. 
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Lei m le the mass of Ihe ImJ). .V Ui« m-iss o 
tlie earlh, and d the dutance between Ibe moon ■ 

ths! sutfice of the Tooon, i.e. d=tbe ndios of the ...u .. luo nuiu 

the earth, i e. distance heturewi the body and Oia eauh’ svhcn the body ii 
Ui« suetaco of the eatlb. Then, see base Use aUraetioa of the moon, fo;' 


and the attraction ol the easih, b .. <S6ni' 

d'* >' 81 63^^ 1 

-tvtkits^ oa «fte wea n i’ _^faS,u, s, j tenk S 

vinjht on thr. tank’ d ““ tadtut efmaon )' 

Tlus problem allows that wlnJ# tbe mm of the body is the some on the 
th^i" *tli*” '** **'B*‘b ‘•f tl*® earth is sliOnt 6 limei Brtatcr thia 


I, Def.ns the terma. vefoOtv mec/.onrerf edienlaye. and tffiti’My. as 

•pplied to macliiiic*. (Mysore, 1952, 1‘ tl. 1952, E. i* U, 1051, ‘53) 

2 Shove that once n b«dv is just nady (o slide dowa on iurlmeil iiUnc, 
the lanRpnt of the sngU of inelioalioii of (he plane is enu.d to (he eo-elTK-imt 
of friction <IM It !? . 195t:, Dec 1942 , Nsg, U. 1953} I'si. IWT) 


^V1ltl h p IS everted la pnllmc • ZX> lb le: i 
of 12 ft /sec (ro elT of (rictioo-O 3l’ 

[Ane 52 h p j 


s SO® slope at the rate 


I body itirdiiB from re«t slides <Iewo an iselined pltae nhoie sh'pc 
■j ft! of lrn.'tKiii=02i tMiat is its siieei) slwr sliilmj 76 ft > 

40 ft /see J 


6 IThst 11 the mcchaniral sdsa 
vhen ^ = 30', and the force seta bvn 
(Aw ^5, 2] 

6 Slate sihal yon mean b] 


and 111 * ■AdkIo of frK 


[riction and detrribe c 


7 (o) Hi fine ‘iciuchiiie* 
ti| Jostity the stotrmc 
esideriD" cuo unporinnt 


t 1052) 
- lani 


10. A uniform beam wmch.DK 72 Ib Mid « »« lojc «» Wl^tted on Isnv 

iirons at its ends Mhere must • muss of 108 lb be placed so that the tl.raj 
on one ptop msY be fnice as Ibst on fbe otherJ (Utkal. J95J) 

[.•ins. .W 23 fl- from one eod-J 

11. Describe a lever of ClSM IH- CJcoUte its tnrcbaiucsl 

show that the pruictple ol sroit has been Mlisfied there. (ttkal, ia.i2( 
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Give a very brief description of the second system of pulleys ; and deduce 
the mech. advanUge. (E. P. V. 1952) 

12. Deduce the M.A. of e uAeef and aide from the general principle of 

conservation of energy. (Pat. 1929, ’31) 

13. A screw jack has a pitch of •05 inch. What weight will it lift (neglecting 
friction) when a forca of 20 lb. is. applied at a point on the am 18 inches from 
the .axis. 

[Ans. 4S2I6 Ifa.] 

14. Describe a jack-screw and «tato one of its practical applications with 
which you are familiar. Neglecting waght and friction of the mschino, find out 
an expression for the mechanical ^vantage. 

A jack-screw having a pildi 025 inch is turned with a force of 50 Ib.-wt. 
applied at the end of a hand 3 ft. from the satis of rotation of the screw. 
Calculate the load which the jack will be able to raise. (C. D. 1956) 

[Ans. 45216 Ih,-wt.] 

15. What aro the requisites of a good halancct Vou aro given an inscenrste 
balance; e.vplam how it can be used to obtain accurate reaulU. 

The only fault in a balance being the inequality in weights of the scale pass, 
what is the real weight of a bo»ly, which balances, 10 Jb. when plaeed in ono 
scale pan and 12 Ib. when placed in the other? (All. 1629; Dae. 1033) 

CAns. 11 lb,] 

16. Wiiat are the reqnisilcs of a good babtnee? A balance with unequal 

arms is nsed for weighing. The apparent weights of the same body wlien placed 
in the two pans are 153‘0 and 153'25 sms. respcctiooly. Find the ratio of tho 
balance arms. (Dac. 1934 ; e/. Dal. 1928, *44 ; </. All. 1946 ; C.D. 1660) 

[Ans. ^655; i/632,] 

17. Dxjilaia with a neat sketch tho principle and construction of a physical 

balance, why is the method of double weighing adopted in the case of au 
ioacnirate balancs? |C. U. 1930; All. 1946)' 

18. What are tho requisites of a ((ood balance? Explain clearly Iiow jfon 

would proceed to detenniae the tme weight of a body using e balance having 
unequal ams. (Dtkal, 1944 ; A. B. 1862> 

19. How would you determine whether Utc arms of a b.vlance are of equal 
length, and how would you eliminate errors due to such an irtcgulsrUy? 

(Pat, 1928) 

20. A body is placed on the pan of a balance, whose arms aro unequal and 

is found to weigh iv, gm. H is then r emoved to the other pan and weighs 
If, gm. Show that the actual wei^t is */il',Tl'. gm. (D. P. B. 1926, 'S5) 

21. Explain wliy a balance which is sensitive cannot be stable. 

(P. tJ. 1952; cf. Guj. O. 1952; cf. Borah. 1955) 

22. A tradesman sells his articles weiring equal quantities alternately from 
tho two pans of a balance having unequal aims. If the ratio of tiio lengtiis of 
tlio two arms be 1'086. what is his percentage loss or gain? (Pat. 1952) 

[dns. 0'065J loss of trader.] 

23. A body A when placed snccessively in the pans of a faulty balance, 

.ippears to weigh 8 lb. and 18 Ib. j another body B when treated in the .'ame way 
appears to weigh 5^ lb. and 12 lb. lii what respect is the balance false, and what 
sro the real weights of A and Di (Dtkal, 1954) 

[AJis. Arms unequal ; ratio of arms |.] 

24. The turning points of a balance were observed to be snccessivcly 
13, 8, 11, With tho body ou the loft pan and 24'B2 pm, on the right pan, tho 
turning points were 14, 9, 12 On adding 10 more milligrams to the weights, 
tho lumine points becomes 10, 3, 8. Calculate the correct weight of tlie iiody 

[Ans. 24'822 gm.] (Mysore, 1952] 

Vpl, 1—12 
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25 Sketcli 9 corrraga Ate^ts^rd, Explain iti unJerEnn;; priririple and ihow 

how It 13 grariuiled (pai, igo^ ; E p. U. ]<Bl( 

26 ExpUin the couslmction and action oi a railaav TUHi.im lisiiaore n»i'J 

lor neighing lieaiy pArtHEs and tags^ges (All ISMl | U. 1', 1! 1E«2) 

27. *'ln a common LaUnco ne exmpBre inaoseo <if two Eawlieo while from a 
Jliriiig liaUnco *« can get iho tni« ereigV of a bodi.'’ Esplaiti 

(C If. 1927, '40, '47; Pac 1929) 


tliffcrent filaeca, ’ 
29. RipUiii 
haUnev nouM gi 


neat diagtsm. ahoariag the etjcntial parU of a spring Valarie 
irig balance gives different values for the v.eight ot a LoJy at 
uliercaa a eoznaictt balaoeo cites a Dsifornv vslue (C. U. 1952) 
vrliy a very delicsio spring lialanco would show e slight Jifler 
lit of a tiody at diflerrnt fd-iee on tlie earth, though e ccsinion 
IVB no inilicalloa nf any difCerenoe 

[I’et 19 a>. 'JSt e/. C. U. 1925 ) 


30 rufine 'weight' and discuss, ss fully ss you ran. (hs (actors en which 
vt dspsadi Oescs.he etpewmtnts to illuMtate year «swt». (Pal, J95V\ 

31 Dcacrilie espcrimenta by wlurb it ca>i be shown Ihal thn mass of s body 
IS proportisnal to its w^ghl and e'tplain carefotly tbs reaiofting by which this 
conclusion is drswa from ^he results of espenncnls. 

Wlist II meant, by the stsiement (hit weight ii not eiv essential rrorsfcy c( 
mttter» (Pal i^) 


CHAPTER vm 

PROPERTIES OF MATTER 

2D2. ConstiluCiod of Matlcf : Molecnics and Afoms : — Any 
given hind of matter is nosT umvcrsally rccogni'ctl as bcine made 
up of a very large rumber of cttrcmcly tiny ],icccs— pieces which arc 
too small for .m ordiraxv microiccipe to jettet , tlicsc pieces arc the 
smallest ones in which the mass oi a l«ly may Lc stiD-tlitirferf tifiij# 
sit!! rrtaw>ng ll‘e proptrttifs of the ongiital mlaiance Tlicsc uni- 
tary blocks of » substance are called iw wiofe-ciifrs Each kind of 
matter has its oivn disuncuie mdecule In other wnnh, molecules 
of the same substance are always alike and those of dilftrcm sub- 
stances. dilTerent. 

A molecule, again, is comiW'cd of sull smaller particles. 
tiJJirJ. ■a'rtA‘1* ’i'«nJ?. wi sJ/WMBRlS'; ^Tr.rjrJnA 'if. rhejnical 

elements "When a molecule is split up, the original m.vtter Joses 
its Wtntity. The dilTcrent Lmds of known molcatlc*, in die last 
analysis, iiatc revealed the cw^cnce of only nme/y-faxi distinctive 
chemical elements AIJ of these bate been etpcrimenially isolatetl 
viih the possible exception of two about which there is at present 
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some doubt. This material universe comprise an almost iniinite 
variety of substances but the most striking feature is that every one 
of them, when analysed, is ultimately found to have been built up of 
anv or some of these elements only. The atoms are incapable of free 
e.xistence but bv combining with each other form molecules whidi 
exist freely. T^'hen clvemical reaction takes place between two sub- 
stances, what happens is that the atoms of one substance combine 
ivith the atoms of the other to form the molecules of a new substance. 

Formerly, the atoms were supposed to be indivisible and were 
regarded as the ultimate parridcs with which all matter is built up. 
Recent researches have, however, established the existence of para- 
des far smaller than the atom, as Electrons, Protojis, Nentrons. 
etc. (mVc Chapter I, Part VI). 

Tire distances or spaces between consecutive molecules of a boeV 
arc knotm as inter-niotccnlar spaces, wEiicb can decrease or inexai* 
producing a change in volume of the body. The inter-molacuVr 
.Spaces arc not vacuous, but it is imaged that these spaces are 
tvith a subtle imponderable fluid, called the ether svhose rihpscti 
existence has, however, not yet been demonstrated. 

The molecules of a body are held together in ther 
firmly in the case of a solid and less so in a liquid, by 
force of ataaction, known as mtcr-niolcciilar force r'l 
tvliilc in the case of a gas, the inter-moiccular farce 'V 
negligible. 

The molecules of a solid execute vibration abo~ dhir “ 
dons of rest tvhidi cannot be easily altetcd. while tt. 
they may be altered more easily. In die case cf x ”r“.£rc.e# 

are' in random motion perpetually. TTie degyes o;~. cae 
tiircc states increases with the increase of texmerr.rr-.. 
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In a solid, the molecules ate very closely pocketl ard so the 
forces of cohesion far exceed ihe forces of repulsion and the tesuU 
J5 that a solid acquires the ability fa presene a definite sfuipe and 
valumt and to put up a gicat lesistance to any change in cillier oi 
them; this explains why u solid possesses high rigidiiy as also high 
bulk (or volume) elasltctty [viJe Atf. 21B). 

In a liquid, the molecules arc packed less closely than in a solid, 
so cohesion is much smaller and is such that a liquid readily yicWi 
to any external iorec tcndinp, to change its shape. A liquid iliuj hii 
fio defint/e shape anti takes the stiapc of the vessel in ivliidt it is 
placed Cut the ccdiesion of the mukcules is siill sulRciently big 
to enable the liquid «i pccserve its volume, and quite a large fotet, 
though rclaucely smaller ihan in the case of a solid, is necessary to 
change it even a Imle. 

In a gas, the molecules are widely separated from cadi oilier so 
that intrr-molefiilsr atcinciiou is almost aUen; and ilte molecules 
move about independent of each oiher. being only limited by the 
walls of die containing vessel. So it cannot preserve any definite 
shape or volume, but, by spreading out readily fills the whole of ifie 
containing vessel, for the same reason, it it incapable of oCfeiing any 
appreciable resistance (O any change cither in shape or toluine. 

FIaI<I,^Liqui(U »nd gases are usually classed together as fluids 
for they tan /Imn readily 

2M. The Pliysical Slates and Tcmpcraluro : — No physical 
state is permanent for a substance, for it can be made to pass &om 
one state to another under suitable conditions Thus ivater which is 
a liquid at the ordinary ronro tcmpctatutc. can be converted into solid 
ice fiy progre.vsively cooling ic, or c.m be changed into steam, a 
vapour, by iipplying heat lo n A simtbtr proper^ is common to all 
substances, te a liquid can be solidified by extracting hc.it from it 
and can be laiwriscd by addling licat to it. It is the temperature 
which determines the physical state of any particular siihvtarcc and 
stands for the molecular mouon in the substance. For a siibat.ince. 
relaiiielv speaking, the gaseous Hate oorresponds to the hottest, the 
solid state to the coldest and the liquid state to an intermediate 
temperature That i*. with Uiccease of tempcraiute inter-moIccuIar 
space increases That is accounted for by saying that molecular 
motion increases with tncrcase of icinpcmnre. 

205. hfolecular MoIIob in Ihe solid, liquid and ga-seons 
States:— In the solid state, the motion is so restncted _that a mole- 
cule can only vibrate about a mean position of rest which cannot be 
altered easily. The amplitude of tliU vibration inerc.ises with the rise 
of temperature and at a certain temperature, called the meift'ng poitit 
of the solid, the motion becomes vwleat enough to enable a molecule 
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to break away from its confinonent and to acquire a motion of 
translation. That is, at this slate of energy it has not only vibratory 
motion hut cranslatory motion too. In a liquid, a molecule has no 
mean position of rest and this accounts for me abili^ of a liquid to 
flow. At a still higher temperature, when the liquid _ boils, the 
molecular motion is so vieJent that the forces of cohesion cannot 
prevent the molecules from shooting away from the boundary of the 
liquid. This is vaporization of the liquid. The molecules at tliis 
stage acquire a violent translatcay motion to limit which a container 
closed on all sides becomes necessary. By successive refiections 
from the boundary waU and mutual collisions, a very chaotic type of 
motion of the molecules results within the gas. 

206. General Properties of Matter:— Certain properties arc 
found to be common to all the three states of matter,— solid, liquid 
and ga.s, and arc called the general properties of inatier, while there 
arc other properties which are peculiar to a particular physical state 
or states only and are referred to as special properties of a physical 
state. 

Inertia, — Inanimate matter by itself cannot change its own state 
^vhethcr be i.c a state of rest at a given position, or configuration, or 
a state of motion in a straight line. It lias no initiative of its own. 
This property is known as inertia. The iHcrliu of a body is due 
10 Its mass. 

Grarttation — Every particle of matter in tins universe attracts 
every other particle towards itself. The strength of this attraction 
bem-een two particles is directly proportional ro the product of the 
tivo interacting masses and inversclv proportional ro the square of 
the distance between them. The falling of a fruij to the eai-th when 
the former is dctadied from its stalk is due to tire mutual attraction 
between the earth and die fruit. Tlie mutual attraction between 
the moon and the ocean water causes the high and ebb tides. The 
earth rotates round the sun due to the mutual attraction between 
them. 

Cohesion and Adhesion. — CoA«toJi is the force of attraction 
benveen molecules of the same kind, and adhesion is die force of 
attraction that e.sists between molecules of different iiatwe- Cohesive 
force keeps the molecules togetlter in a substance and adhesion is the 
cause of sticking together rf two substances, e.g. wetting glass by 
water and other liquids, gluing wood to wood, ‘tinning’ metals witli 
solder, etc. Cohesion holds together the particles of a crayon, but 
adhesion holds the chalk to the tdackboatd. 

Impenetrability. — It is the property in virtue of which two 
bodies cannot occupy the same space at the same time. If a metal 
ball is immersed in a liquid, the liquid moves away to m.vke room for 
dtc ball, M’lien water is poured on sand, it seems, as if the former 
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wnwraies into the Jotter, bui in fact it onlc fills the ports between 
the particles of the sanel. 

£.\{cnsion.— *It h the property- in sirtuc of whidi c\crv boelv 
orciipa-s some definite tpacc. The sptice which a hoely occupies is 
called its solumc. The \oliitnc may be tliaiigetl due to cn.ingM 
in temperature, pressure, etc. but cannot be reduced to *cro 

Disisibijity.— It is ibe property in \irtuc of which a matetiai 
body car be sul>djvidecl into extremely tniniilc parts The physical 
processes of siib-divition. such as haramering, saujnjt, nibbtn;:, nlinj;. 
etc. can no doubt reduce a lump of matter to a state of fine ponder, 
but eten jt the last state of s«ih-<livision. the fl;rains arc tety large 
compared to the molecules which compose them. I5y art act o/ 
rohmo't. the pattkJes arc dispersed to much finer piece*. In the 
colloidal -State of soliitton, the dispersion is 3c*sct than »n the stale of 
true taluiton and the pattklcs arc within the range of 'Ision through 
a powerful microscope, vi*. a /Isigmondy’s Uhmmicruscope When 
the state uf dispersion h such that a parurJe has a tlKimetcr of the 
order of lO"’ cm. or less, we term it .a true sohitinn Eten greater 
sub-divisjon of the particles uf niatici uhes place, when a scent or 
perfume spread* out m air A rose smells for hours without tiny 
visible changes in mass, a bit of musk sends out its scent for years 
togctJict, what unique processes of sub-dmsion are taking place in 
nature! 

PoTO$i1y.~>All boihe* contaxt^ ^rr.s more or lew. The pores 
raay be of two types tenable ana physical In Uie case of sulid* 
arwJ iinuitis. sensible pores ate very large compaietl to the ititcf- 
niolecuUT spaces and so miertiwlcculaf forces cannot act ftctaw 
them Thev arc spaces left between one cluster of molecules ami 
another Physical pores are smaU cnmigh fot intcrmoleciilar forcec 
to act across them The initimolecsitsT spaces ace these pore* 
Solids conrain lioih tvpcs of these poics Often the physical ikkcs 
are not tegubilv situated wiilnn a tody - A piece of chalk, a lieap 
of sand, out skin, earthenware pots. RUct paper, leather, wood, 
sponge, etc. are some instances of scry porous solids. Tlie bquid* 
arc also porous. When a sail is slowly od-Jed ,0 water, the sotume o. 
the lattci dors not increase hv the act of solution. Hu'v arc then the 
salt grams accominodaied? They only go tn fill the pores bciwcra 
liquid particles. Tliesc pores are the pliyslcal pores made up of the 
inteimoltvuhw spaces, and the molecules around such a pore .nrr 
within the sphere of each other** action With increase of lenipera* 
tiirc. these sp.tccs expand when mote tak can go into solution 

The intertnolecular spacea in a gas are extreme cases of pln»ic.sj 
pores A gas can Ixr casilv' ciwsptesscd, and one gas c.isily ami 
rapidly diCuscs into aiiodicr on account of these pore* being sery 
large. 



Compressibility. — It is die property of a body in virtue of 
tvliich it can be compressed so as to occupy a smaller volume by 
application of externa! pressures. Compression is possible because 
of the fact that all bodies contain pores. Gases are the most com- 
pressible : liquids are only slightly compressible ; in tlic case of 
solids compressibility varies widely from solid to solid, namely, while 
rubber is very compressible, glass and diamond can hardly be 
compressed. 

Density and Elasticity. — All material bodies must hat e some 
mass and the mass per unit volume of a body is called iK density. 
So density is a universal property of all matter. 

Elasixcity is the property (which all matter possesses more or less 
in all the mree states: solid, liquid and gas) in virtue of tvhich .a 
matter can offer resistance to a force or system of forces which 
produces a defonnation of it cither in shape or size or both and can 
regain its shape and dze (if the deformation produced is within a 
limit for it) as the deforming force is withdrawn. 

Both the density and elasticity are of suclt primary importance 
that it is claimed tiiat all other properties of matter can lie accounted 
for in terms of these two factors. So both of them have been 
separately dealt with in the following page.s. 

ELASTICrrY 

207. Elasticity It is an inherent general property of all 
kinds of matter: solids, liquids and gases. It is that property in 
virtue of whidi a body oilers resistance to any change of its size or 
shape, or bodi, and can resume its original condition when the 
deforming force is removed. 

A body resumes its original condition after the removal of the 
deforming force provided the deforming force does not exceed a 
certain maximum limit, called die Unut of elasticity or tl’e claslio 
limit. If it exceeds that limit, the body will not completely recover 
its original size or shape when the deforming force is removed. The 
force in tiiis case is said to have exceeded the limit of elasticity. 

208. Some common Terms used in connection with Elasti- 
city 

Strain. — When a force or a system of forces acting upon a body 
produces a relative displacement between its parts, a change in size 
or shape or in botli may take place. Hie body is then said to be 
under strain. The strain produced in a body is measured in. 
terms of the change in some measure of the })ody, siicli as its length, 
or volume and so on, divided bv the total measure. Strain is thus 
the ratio of two like quantities, .and is a pure number ivithouc 
dimensions and has no utiit for it. 
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Sircss.— When a bodi’ is sirained, internal forces of reaction are 
automaticaljy set up vitbin the body, whicli act in the rpposirr 
dircetton, due to T^hlch the bexW tends to return to its otieUial sire 
and shape on withdrarta! of ilw defortnttsg forces. Tlits icstoiin" fojce 
is called the sirrjs. It i» numeiicaliy eejuai to the ileformmjj lorre. 
accDTiling to Nentor*s bw of rcaaioa. as long as the strain produced 
is tiithin the elastic limit. 

Tile stress or a ccanponeni of it, tvliidi acts normally to any 
section of a body. » cuiM a r.onnal stress to that section and that 
stress or a component which acts parallel to any teciion of the body, 
is called a tangential stress on that section 

The stress lii(ensii> or simply the sirtss fi uiMWrrd hy ihe 
Jorce f>er unit area of a teetion and, triica tiii’fonn, ts obteinrii by 
dividing the total forca by ffte total area over u'hte/i it eets. 

I'erfcctly Uigid Dody.~A perfectly rigid body is defined to lie 
*\ieh that no relative iiispbeemeni between its pails laVes place 
whatettr force is externally oppbed to it No body i( known to be 
jjerfcctlj rigid, though glass, steel, etc. are nearly so 

rerfeedy Tlatfic Bi>tK.«— If a body perfectly rremers [is 
nrioin.il sue and shape, tviien the deforinira force acting on it Li 
witfulrawn, it is said to he p«r/ect/v W<«»tc No tuch bo<lv i» known 
for all values of stress A botlv, however. Lehaves os petfevtW tbnic. 
vvhtn the deforming force docs not cxctetl a ceriani limning 
(masjinium) value, called the cl.tstic. hmic of the bodv. vibox value 
depends on the nature of ilie material of the body and (lie nature of 
the stress 

Elastic Limit. — A bodv bdiovcs as isecfcctlv clastic only as long 
av the deforming force acting oiv it docs not exceed a certain 
ma-xiinurii valne liependine on the nature of the substance and the 
nature of the sircss This hmitin^ value of tlie stress js called the 
elastic limit of the material of the body for ihaf type of strcj*.* 
A high clastic limit is possessed by steel and a low one by Je.id 

209. Laad<E!t(cosioR Graph:— The cl.utic beiiavlour of a 
^.olid, jiajikvilaily vliai of a nieul. swch at mild steel, when subjected 
to deforming forces ranging from low vrdtiet to higli values cxcetd- 
ing the clastic htnit, is vveU illustrated by "hat n known as a 
i<9<jd-eA/frtWoM graph as shown in Fig 118 In obtainmr the 
experimental valuta for such a graph. S wire of the inatriial may 


• VifioDs theories have l«n •nejretted «» to I'hr'B llie flajlit limit i* 
reacJifJ ty a bidy. Is it whrn Use liresa deretoped •tmrti a lunitin^ vawo tif 
(he strain a dehnile value loi lb* sabslasce. etr.1 
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be taken and elongated by hanging freights (called the load) from it, 
as in experiments described in Art 219. 



Fig. 118 


On commencing to load the specimen and noCDg for each 
incrcnieac of load the extension (change in length from tie original) 
produced, it is found that a siraiglic luv; is obtained when the loads 
and extensions are plotted. Tlus straieht line condnuu up to a 
point a [Fig. 118. left], but beyond a uie graph becomes slightly 
curved. Up to the point a, the load is proportional to the extension. 
The ne.xt point b marks die clastic limit for tire material, and is so 
called because if tve do no.t c.xcecd b, the material shrinks back 
to its original length if the load is taken off, and the material has 
not lost Its elastic prcmcriics even in the least. The points a and b 
may, for all practtcaf purposes, be regarded as one and the same 
])umt, as indeed they soiucumes aic, unless very aecuiute tests 
«rc intended. Very soon after the point b, the elastic limit is 
exceeded, a consldcrabic amount of e.xtcnslon of tlic material takes 
place even though the increase of .the load on the specimen is quite 
small. The point c which marks limit of this stage of the sped* 
men is termed the yield poinf. ^ It is often named the comittercial 
elastic limit in commeroal testing of materials. After passing the 
point c, the material seems to regain hs strength somewhat, as it is 
found riiat further additions of load are required for fuither extensions 
cu be produced. The maximum or altimate load, from ^v!licb 
tlic iiltimalc stress is calculated, is readied at die point d, and 
beyond this the spedmen relieves itself of load by rapid stretching, 
whereby a 'waist’ (right diagram. Kg. 118) or local coiiiraction 
develops at some part of jhe material where finally fracture occurs. 
The position of the material where it will occur is, however, 
unpredictable. The waist is quite pronounced in ductilq materials, 
and small for brittle ones. 

The part of the exienrion up to die elastic limit b is termed 
elastic detormation, and the remaining part from h to e is terrac'd 
iJou-cIasdc or plastic deformation. 

210. Factor of Safety : — Material with which machines 

and structures are made are often subjected to stresses, other than 
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ntiminl stresses, i«hich cannot lie always pretlctennineil. To aioul 
faihiie of structures, <)e$1i;ncis thcrciwc clioosc as .-i nicasurr 
of safety a ti-oriin^ stmi for the materia), tihicli ii much briow 
the ulunwie strrij coizcsporttling to point tl in Fig. 118, for 
.L . • I r I • i»/(;»Jiare str«J . 

the material, for design purposes Tlie miio ** 

the factor of safety The ttorking stress so taken must aho he Ic't 
than the clastic lirnit Mtew so that tio pcrinaotni ilfrorTn.tiion niav 
take j^avt in any part of the material. 


211. DiffcTctil Kind* of Strain*.— 

(1) Longiiiidirtal (or Tensile) Strain.— When a hndt it 
acted on by a siretcJuRC (or compresshc) force, the frtirliona) 
mcretfic (or deercase) in the leitffth in the direction of ilie force it 
called longitudinal or tensile stiain The cotresponiling tticts it cMleil 
longitudinal or tensile sxicss. Thu*, tf dot to stretching or compiet- 
slon, f^ihe change in length o{ a hotly of length L, 

the longitudinal (nc tensile) s(tain» ^ , 

It being a ratio of tvso lengths is .n pure number hating no unit 
for Its measurement. Only so/tjf con have such slmmr 


Foicsan’l Ratio,— When a ho<W i* acted on ity ^ stretching fotee. 
the extension in die dtrection of the appCvd force it aUxavt acroRt' 
panted by a lateral conttietton in all cUrecciom at nglit auc,lcs ii> the 
direction of applied force It is found tlwt this lateral 8tr.iln b 
proportional Co the direct strain 


Ko. a coiiciant, c.illcJ the 


nhosc saliie depends only on ilic nature of tJic material m ijucsrion 
and not at all on stress applied prosided it is t'lthin the elastic 
limit I’oisson's llatio lor .a *irric)iing force is the same as tbit for 
a compressiio force iij sibith case tlicrc is farcrel c* '*t»non 


(2) Volome (or Bulk) Slrain — In su-ii strains tiiere is n 
charge in soliime only niilioui any change in fh=pe. This takes place 
«hcn a >Kxly is .subjected ti> a uiuiorm pressure atitnt; roimsUv at 
escry point on its surf.-ire Tlic cotrfspnntiin" stress (force per smic 
area) is called the solumc suess If V be tiie original scliime of a. 
body and u. the change pioduccd in the solutne. 

solume stratum ^ 

It is a pure number and has no unit for its mcasurcnicnt \ ohimr 
strain, c'cn for >ery large deforming forces, is sniali for «)li(ii and 
liquids, while in the case of gases men a aery stn.all force inodiicc-v 
a scry large 'olumc strain. 
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(3) Shearing Strain (or Shear). — When the strain produced 
in a body is such that there is only change in sliape or form of it but 
no diangc in volume, it is said to be a shearing strain or simply a 
shear. It is a special property of solids only because they only have 
a definite shape of their ovvn. 

Suppose .1 rectangular block, ABCDEFGH, [Fig. 118(fl), left], 
o£ a solid has its boiioin face CDEH fixed to a horizontal platform.. 



If a force P be now applied so as to act uniformly and tangentially 
over the face (area®*) m the direction slimvn, this face (section AB) 
will be displaced, suppose, to the position represented by the section 
A'B' in 118((3), right, relative to the face CDEH represented by 
the section CD, die block assuming a rhombic form. The material of 
the block suffers a change in shape only without any change in volume.. 
The strain produced in this case is a case of shear and is measured 
by tlie angle ADA' (=^=ihe angle BCB'), which is called the angle 
of shear. Let AA' be x and AD=b, then (V 9 h small), 

sheitring straiii=$—v,iii ■ 

_ relative displacement of two planes of the bod y 
~ distance of separation of the two planes 
^relative displacement for planes at unit distance apart 
= displacernent gradient. 

The corresponding stress, which is tangential to the surface is. 
called tile shearing stress and is given by P/«. 

212. Hooke’s Law: — This is the basic law of elasticity. It 
was established in 1678 by Robert Hooke of England, 

III the original language die law was stated as 'lit icnsio sic vif, 
which means that the stretching is proportional to the force- 
producing it. The law is true for all cases of elastic deformations, 
proi-ided the deformations are smalL Some elastic dcformatioiis_ of 
different kinds in the case of solids, such as stretching, compressing,, 
bending, twisting, etc. are illustrated belotv. 
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.Kmo^piicrcs arc required ii> brmg about a xolumc decrease of D-1% 
in co])2>cr. ' 

215 . Steel more elastic thaa ladia-Rubber : — As stress/straia 
modulus of ebsiichy, a large modulus of elasticity, lor a body 

means tliat a large force is nctessar}', le. a larjfe stress is tlcielopcJ 
niiliitt ilie fiody, in order to produce a giien strain in it. 'iTie 
motlulijs of dasiidfy is by far greater for steel than for India-rubber 
jnd sii the stress dcvrlojial. in order to produce a gitcn etraln, is fat 
itvtntcr tn steel than in Intlw.iubbcT. In scientific definition, a boiv 
..1 IS said to lie more rl-Tstic tJi.rn another body B, if the stress 
de'cloped ill the fortner is gtr.alcr than that In the latter, when the 
same strain is iirodofctl in enlicr Tliat being so. steel it fat more 
<b«tic than Iiidia-ruhlict. For sttmlar reawuvt, glass ss more clastic 
than stccL 

216 . Vcrificafian of Hooke's fjJwi—Horjkc’s Law nwy be easily 
^crllic(l in tunoits vays of ivluch one nictliuil is by sprlng>balatice. 
liy placing dilfcrcnt ssetghts ou the jsan .and nntiiij; the cntiea* 
poniltng (.longations. n ^oph can be ploiied vith had and ex- 
tension The l.iu mil be \cniicd. if the graph is a straight line 
[ufte Art lUUJ it should be noted that the elongation is proixv- 
ctotial to the load uithtci the dasttc Itmic 

217 . (i) Young’s Motfolos: — According to Hooke’s law applied 
Ri longitudinal cl.iscisii)'. lungtcudinnl stress diiided bp longitudinal 
strain » a constant ouancity for a solid nititin the clastic limit- 171^* 
constant. t<>!uch is tne cocfTicient o( Inngttudinal (tensile) elasticity, 
IS called Young’s modulus in honour of Tiiomas Young of England 

TIius, jf f be the forte which acting m die direction of a length 
L of .1 Mire of cross-sceiion .-I stretches it by a sraall length /, jhen 
the sircss=lorcc per unii au 3 »=F/.d =rF/rr*. where r « die radui* 
of the Mice, and live iongnudinal strain ^elongation per unit 
length -l,'L 

Y" (Young's Modulo 5 )= d^iici per Sq. cm. 

(or Ihs.-wcight or tons-Hcight per «q inch) 

(ii) IJoIk Modulus. — li is the co-cflicieni of hulk (ir \olume) 
cla'licitv. If r be the solume of a btxly oliich is increased or 
tlimmishcd by .m amount t- when snbjcctol to .a uniform prc'sure 0 
(sttttclimg or comprecsicc) acciag from all sides on the body, the 
bulk for sohime) sTTTiin=f/f’. ami the bulk strcss*=f, 

Itulk iBoi}ulus=p- y = ^ dynes/tm-S 01 lbs..ss*l8ht 
or tons-sseighf per inch’. 
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keep the wire taut and free from Links Tlus tnay be called ibe 
initial load. Take the scale and the \cmier reading at tWs load. 
ITiis is the initial tc.nding. 


Then increase the load by i Lent , and again note the reading. C<i 
on inaeasing the load by step* oi } Lgm., and note the reading for 
eadi load up to the maximum 
permissible load. TliLs is the 
point, beyond which IlooLe's law 
docs not hold. Nosv reduce the 
load by coual amounts (»c. by 
i Lgta) till the initial load is 
reached, notii^ the tending in 
each case. I'aLc the mean of 
the readings for increasing and 
decreasing load for each !o.id. 
This mean gires ttic probable 
real reading correjpontling to 



that load. Ine t«o tets of'read* 
ings should closely agree, but 
H thee tliflcr appreciably. It li 
posuble that the vice has been stretched beyond tne elastic limit, 
in ^^hlch ca«e the experiment should be repeated iviih a netv vire 


Measure the diameter of the we tery accurately with a nslao- 
mcfcr screw-gauge at several places alone the length of the nite 
(from the point of support to the zero of the vernier) and in doing so 
readings sliould be taken twice in riglit*anpletl direaions at c-acb 
place. Find our the mean radius r from the abo^c. 


Tabulate die readings against the rtJircspnnding loads and find 
out the clongaijons for the various loads by subtracting the reading 
correspooding to each load from the initial reading. Tlien plot a 
curse nidi Toads as absassa: and die corresponding elong.iuoiis a' 
orriin.nics (IHg 322). The grajdi should be a Straight line passing 
through the origin, rneanu^ thereby that the elongation is zero for 
zero load. Hooke's law is len&ed, if the gr.iph i-« a straight line 


FVom the c^^ph find out the dongation 1 corrcjpooding to any 
suitable load, say m giams Measure the length L of the unsttctclicil 
experimental wire from die point of suspension up to the point where 
the \cniicr is attached. Then, 

Voun^s — djnrt/cm*. 


Note,— (o) As the wires hang from the same support any yield 
of the support will adcct both the «irc» similarly and so ihcie srill be 
no relatite motion of V over S due to this cause. 
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(b) As the two wires ate made of the same rnatcrial, any varia- 
don of lemperanire alicci both the wires by equal amounts and 
so the readings will not be affected. 


(ii) Seaile’s Method. — This method and the tenner Method 
are e.xacdy identical except in the process of measurement of the 
extension ’ in length. A straight Tcmier is used in the 'Vernier 
Method’ to measure the extension of the wire when stretched, while 
in Scaric's apparatus a screw-gauge is adapted &>r the same purpose. 
The accuraev reached in thU latter method is greater since a screw- 
gauge is more accurate than a straight vernier. 

In Scaric's apparatus (Fig. 12-3) each of the two _ wires, the 
comparison ttire A and the experimental vnre carries a brass 


rectangle from die lower ends of 
which weights can be bung. A 
spirit level L is put across from 
one rectangle to the other. It 
rums freely round a hinge G at 
one end and at the other rests on 
the point of an accurately cut 
vertical screw C of small pitch, 
working in the same vertical line 
as the experimental tsire D. The 
strew carries at iu lower end a 
cjiindrical head H whose cir- 
cular edge is unifonnly (Uvided 
and forms a circular sc^c. The 
pitch of the screw is usu^ly 1 mm. 
and the circular scale is divided 
into 100 divisions. As the head 
of the screw is turned, the dr- 
cular scale moves across a short 
vertical scale S. Thus, if the 
head is turned through 1 drcalar 
scale division, the point of the 
screw moves upwards or dotvn- 
wards through O'Ol mm. 



The method of use of the apparatus is as follows: The air- 
hubhle in the spirit level is brought to the middle of it by turning 
die cylindrical he.ad and a reading is taken by the help of the linear 
and the circular scales. Now, when a given weight is hung from 
the experimental wire S, it extends downwards and the spirit level 
will he disturbed. Slowly and carefully the screw is turned to raise 
its point till finally the bubble is brought to the middle again. The 
number of circular scale divisions through which the head of the 
scre'v is turned, is used to calculate the extension of the wire under 
a given load. 

Vol. 1—13 
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.Examples. (2) 4 niibet cori oj 0-! rn. taUtvi ii loaJeJ irilK I] Ifmi. 
uteij/it. Lt-nijlh a/ iU <w* is /aciuf to be teltnJ'J In £1 rim. Cclnlait lie 
2 oung e iitodulus a) rubher. 

Here the pulliBg force >'=13xlCOOxKtt»12.7S5,<»C Ovre^ 

Strc3s=I2.7S3,000+px(0-2)*J Strain-{S1-50H50 = D'02{ 

*' ™ ‘'I”" r.' .q 

(1) A «iM2e o/ fO kgnt, i« vttpeitAtd from a rerticoj wire tOOS emt. loeg 
and I eq ctir. iji erart ITAcn the load •< rtnoiii the i<if« is found (j 

6c lAorUntii by OS cm. Find ytrani/t lAOJolae for lie rnutmal of the virr. 

(C. U, 23SS) 

I'ulliBg fates >’=20x1000x981 ijae». 

Sticsasif'^ (area of ertex srction)»(2ax10COx93l)*-(00l) 

»ie62xl0* djRea jier *q «ni 

Stf»m«if/£« ■ „_i. , .• yeans'a tpeilulji 3’- J^XW. 

(600-4 -as) law ^ 

«12C0xl 9fi2x30*=i83S44xlO'’ 4jrtiM par t<j. eoi 
230. Properf]«s peculiar to SoUds t— 

Ductility. — It ts the propcitv of a tohd in >iriue ol Hhich U can 
be drawn into fine wires, me finer such wires tan be. the greater is 
the ductility of the matcriat. (Jii.-ircz and platinum are to ductile that 
wires havinj; dianietci as stnaU as 001 mm can be drawn cut o( 
them. Dualliiy inaeases with temperature. 

nfollcability. — It is the propertr in »ittuc of which metals can 
be hammered into thin lea»et Gold, silver, lead, etc arc good ins- 
tances of maiieable substances Lead «s a fwallcablc metal Lwit not 
duaile, as ii cannot be drawn into fine wires 

Of all pure mecals, gold is tltc most malleable, lo much so tliat 
cicn SO.OOO such Icates to the inch can be had. Solids become more 
malleable when hot and this males the rolling of metals into eliccu 
possible 

Rigidity.— It is the prooeriv of a solid in sirtue of which it 
can icsist e*iejnally impressed forces tending to change its shape. So 
by \irtue of this quality a solid keeps its own form, unless subjected 
to a force e.xcceding its elastic limit Rigidity of a solid decreases 
with the inciease of temperature 

'Tenacity.— It is the property of a solid in tittuc of which, when 
in the form of wires, it can support a weight niiliout breaking The 
S'Cight required to break a wire is called its Irralhi^ tcng/ir, .md is 
the measure of the tenacity or lenjr/o strength of the material of 
the wire. 

TVToughl-iron has more tenacity than cast iron : and the fiecl 
ianoforte wire is the most tenadous oI the ilirce. 
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Hardness. — It is tlje property of a solid in virtue of which it 
offers resistance to being scrat^ed by others. Diamond is die 
hardest known substance, whUe glass and steel are harder than many 
substancc.s. The hardness of a solid decreases with increase of 
remperature. 

There is no meaning for the absolute hardness of a substance. It 
is a relative property. A scale of hardness can be prepared by aTrang- 
ing all solids according to their rdativc hardness ; one such scale is 
Mohr’s scale of hardness, in which a solid anywhere in the scale is 
more hard than that follows it, but less hard than that precedes it 

Hardness must arise from the elastic property of a solid, which, it 
must he noted, varies considerably with the previous ‘history of the 
material'. Take, for instance, 'tempered steel’ which is notfiing but 
ordinary carbon steel only heated to redness and dien suddenly 
cooled ^ly plunging into water. The process is called tempering, due 
to ivliich steel becomes Jiarder though a litde more brittle too, Bui 
if the rcd'liot metal is allowed to cool slowly, the metal becomes 
much softet, the technique being called, ‘annealing’^ 

Hardness Testing Machine. — One mediod of testing the hardness 
of a material is by the Qclnne) Hardness Tester, in which a steel ball 
is pressed under a given force upon a plane surface of the material 
whereby a depression in the form of a cup is formed in the body. 
The area of indentation is taken as a measure of the hardness of the 
maceriaL 

Brittleness.- It is the property of a solid in virtue of which it 
can be broken into pieces by mc<manical shocks such as by stroking, 
hammering, etc. Glass. Porcelain, China clay, though very hard, are 
brittle, All solids are not brittle but very hard solids generally are. 
By tempering, when solids are hardened, their brittleness increases 
Too. Thus tempered steel, thou^ very hard, is brittle. Molten glass 
beads when suddenly cooled by water are rendered so brittle that 
They can be aushed to fine powder at the mildest blow. Ruperts 
drops arc such drops. To reduce tlic brittleness of substances like 
glass, steel, etc. annealing, which is a process of slow cooling, is 
adopted. Shock-proof glasswares arc now-a-days manufactured by 
allowing molten glass to cool very slowly over days together. 

221. Properties peculiar to Fluids : — 

Diffussion. The phenomenon of inter-mixir^ of two liquids or two 
gases, sometimes even in opposition to grawiy, ts called diffusion. 

Expt. 1. — Keep a strong potash permanganate solution (a colour- 
ed liquid), at tlie bottom of a glass-tumbler. Pour water (by the sides 
of the tumbler) slowly and carefully, without disturbing the solution. 
It will be observed tint the coloured solution, though heavier than 
water, gradually works up and finally after some time, spreads out 
uniformly throughout the whole mass. 
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Similaily, if a few crysoU of copper sulpliatc are pl.-iccel at the 
toMom of a giass-iumlaler filled wiUi water, ihc characttiisiic flue 
colour of the sulphate is obsersaf to rise tjowly, showing the diflution 
of the sulphate molecules uptianis. Tlie plicnomcuoa catrnoc be 
argued to he due to luioy.ancy for Uic sulphate is heavier than water, 

£xpt. 2, — Talic a jar filled with a light gas like hytlrogcn. the 
jar being cIoslcI by o lul. Take anothcr“^jar iilled tvith a heavy gas 
Iilc tnrbon-tlioxide, also closed by a ltd. Insert the former jar ovei 
the latter and taV-e away the hdi Wsdt for sometime and it will be 
found that an intimate mixture of the two cases lias been formed. 
may be uroved by analysis Tlie iraiH of the hydrogen moleculrt 
clownwartla and of the heavy carbon*dloxide molecules iipivardi are 
contrary to the principle of gravity and arc ch.ar.icterlstlc of dllTiidon 

222. A Simple ETplanalion of DtfTusIoji Molecules of all 
fluids, according to the Kinetic Tlieoty (vttle Qinjner IV', Part II) are 
in spuncaneous motion in all possible directions irrespective of gravity 
and as such inier-mixture between two fluids can taVe plate lpontan^ 
ousIy. In gases the tnolcctilar ntotinn » much mote vigoicus than 
in li<iuicls and so gaseous diflustoa is much quicker than liqUKi 
dlJTustoii. 

223- Viscotily A rod held fixed at one cud and twisted liy the 
ocher can resume it$ crigtnal shape when the turning force (whicii 
IS n tangential force and is calica a shearing forcci, is witharaun 
This IS possible due to an inherent property of a solid known as its 
rigidity. All solids can stand shearing forces, though up to a mati- 
mum limiting v.tluc only. 

Dm this limiiing vahir is veiv high for ilic snlld.s Tlie fiiiiil dilTer 
in this respect from die solids They cannot stand anv slic-irm? fnrets 
and so they have no definite shape of tbcir own Tins dificreiicc in 
behaviour arises from the fact inat the inter acting forces between 
molecules, known as cohesive forces, in a liquid ate very much less 
than in a soivtl, while they ate negligible in the ease of gl'cs 

If watti in a pot, after sumtig, » left for sometime, the motion 
of the water subsides This is a secy comnnnn oKservation. VVliat 
stops the motion? An enquiry’ Into the question rcscals that in a 
fluid, whether liquid or gas, when any relative motion between parts 
of the fluid is caused, internal forces are set up in the fluid which 
oppose the relative motion between the parts in the same way as ihe 
forces of friction operate when a bloch of wood is dragged alons the 
ground. In short, a less qutckly moving iaycr af the fluid exerts a 
retarding force on the more quickly moving layer, the motion of the 
latter being therebv reduced ishile that of the lotmcr accelerated and 
in ihi* way the relative motion between the two gradually decease* 
till finally tt stops altogether with respect to the walls of ihe stationar-' 
pot in -vvhiA the water is coataioed. 
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The property in virtue of vhich retarding forces arc called into 
play •arithin a fluid svben any relative mo^on between its parts occurs, 
is an inherent property of all fbiids, differing only in degree from one 
fluid to another, and is term^ the viscosi^ of fluids. 


Co-efficient of Viscosity.— A measure of the viscosity of a fluid 
is given by nflat is termed the co-effident of viscosity. The co- 
efficient of viscosity is defined as that tatigential force applied per 
unit area which will maintain a unit relative velocity between layers 
of a fluid at unit distance apart. 


Consider two layers AB and CD in a fluid, distant d apart 
(Fig. 124), both moving for- a F R 

ward in steady motion such ^ : u-\-v 

dm while still remaining 
parallel to each other, the 
layer AB moves faster than 
the layer CD, the former 
having a relative vclodty 

V with respect to the latter. C — S — ^ D" 

A driving fora, panlld lo P, 

AB and directed from A * 

to B, will be necessary to maintain this flow. On account of 
the dscosity of the fiuia, die driving force acting on AB will be 
Mposed by force F, called the viscous force, exerted by the layer 
CD on AB. The layer AB will also exert a force F on CD 
tending to accukraic ibe motion of die latter. According to Newton, 
F 

the stress — , where a^arca of either layer, is proportional to the 


velocity gradient, (i.e. the relative velocity per unit distance), or 


, where 13 is a constant called the co-cfficicnt of viscosity of 

the fluid whose value depends on the nature of the fluid and its 
rempcracure. 


That . 
sity per un 


, the viscosity co-effident. rj = 
relative velodty. 


viscous stress i 


224. Viscosity is a Refafivc Term: — When wa.ter is poured into 
a funnel, it runs out qoickjy but glycerine or thick oil does so slowly 
and treacle much more slowly. Ordinarily, the liquids like water 
wliich flow readily are termed mobile, while .those of the treacle type 
which do not flow so readily are termed viscous. This docs not 
iiieaii thiit water has no viscosity. Its viscosity is only small. For 
treacle, it is very much greater. That is, these terms arc used in our 
common language in the relative sense. It should be remembered 
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that the gases, as a class, arc mucU less sUcous ihia the 
while a particular gas may be more slscous than another. 

Viscosity nnd Kinetic Friclioec— -They base a good deal ol 
similarity between them though they diilcr in one imponani icspcct. 
The latter is independent of the nu^nitude of the leJatite iriouon 
of the contacting uodtes, wlule the former is not. Tlie forces due to 
'iscosity ate proportional to the relative kioiums upon a vtloeiiv, 
called the crtlical velocity (whose value is fixed for a fluid) according 
to IVof, Osborne Reynolds {v»de Art. 225) 

Viscosity may he regarded fit Fugilivc Eladicity. — A liquid 
may be legaided as capable of cxcriing and sustaining a cctuln 
amount o£ shearing stress (which is e^uite small) for a short time alter 
which the shear breaks down only jo nppe.st again. Tire idea is due to 
NtaxwelL He regards viscosity as tSie limit- 
ing case of an clastic toiitl when the 
material oC tiie solid breaks down under 
shear It it from this standpoint that 
viscosity is often referred to as Eugituc 
elasticity. 

225. DnoDTislniion ot Viscosity 
(I) For a Liquid.~Ti '0 identical uelghts 
are dropped at the same time, one into 
n.stcr and the other into glycerine (Fig- 
125) In uaict the vseight tieseends more 
Witer Glycerins <iu>ckly than in glycerine shouing that die 
- VISCOUS drag in glycerine is greater than in 

water 



(2) Fora Gas. — A card-board disc A suspended from a riglt! 
support by a thread .aiiarhcd at its centre is held in air jusi above 
but not toothing a noeden due H as shown in Iwg 
the disc B IS rapidly rorated. the upper disc .also 
is urged into rotauon in the same chrcciinn as that 
of the lower disc, This is [Jcssible only because 
air has viscosity. 

tl6. Sheam-line Rfolioo and Turbulent 
Motion.’ — If the path of every moving [article 
of a fluid coincides viith ihc line of motion of the 
fluid as a whole [Fig ISGIb). Wt], the motion 
is said to be a strcam-Une moston. 

If the motion of the p.srticlM of a fluid are 
disorderly, i.e. in ducctions also other than the 
line of motion of ibc fluid as a whole, slw motion 
is said to be turbulent [Fig. 126(b), right] 

In stream-line motion, under a gi'^n pres- 
sure gratiicnt the flo'v of a liquid tlirougli a n.irrrwf 
tube IS decided mainly hy iw sbeostty. whereas in 
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it is solely governed by its density and very little by viscosity. 
According to Prof, Osborne Reynolds tlie motion of a fluid changes 
from stream-line morion 
to turbiJcnt motion, if a 1 

certain velocity, whose ' 

value is fixed for it for a 

(given temperature, call- J 

cd its critical ueloafy, Tiirhaledmcnin 

is exceeded, Figr. 126[6) 


227. Nature of Flow of a Liquid in some important Cases: — 


(i) Slow Steady Flow of Water tn a River. — Slmv steady flow 
lierc means stream-liac motion. In such motion, it is found from 
florv-mcasuremenTs that the speed of tnodon is maximum (fm) 

top surface of die 
water in the river and 
reduces gradually tvith 
the depu) below, and 
flnnllv to almost zero 
specti Vg at the bot- 
tom or bed of the river 
(Fig. 127). Tlie idea is 
tliat the whole mass oli 
moving water may be 
taken as consisting of a very large number of thin parallel layers in 
which each upper layer slides over that below it. Because of the 
adhesive forces, the rigid bed of the river almost prevents tlte bottom- 
most layer of the water from moving ; this almost stationary layer 
owing to intotacting forces, called cohe-stve forces, tries to hold back 
the layer above it with a force which is less than in the previous layer. 
This layer again tries to hold bade the layer above it; all the way 
up the resistance to mooon of a laj'cv diminishes. So the speed ot 
motiou of the liquid is maxitnutu at the top and reduces downwards. 
The mechanism of flow as stated above shows how viscosity actually 
acts in determining ihe type of flow. 


viB Top of 
water surface 


of nver 

Fig. 127 


(ii) Flow of a Liquid through a Narrow Tube. — In stream- 
line modon of a liquid through a narrow tube (Fig. 128). the. speed 
of flow is ma.ximum fVm) along the axis of the tube and reduces 


gradually radially outwards, 
falling almost to zero at iho 
wail of tbc tube. Here die 
whole cylindrical mass of the 
movmg liquid may be thought 
of as consisting of a very 
large number, of successive 
ibin cylinders co-a>dal with the 
tube, the cylinders in contact 



Fig. 128 
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witli tlie wall bein'* held almost stationary by aclhcjivc fortes wliile 
each locitx cylinder continiiallr 
M telathc to the one 

just outside* it more and more 

S oickly as it nears the axis ('f 
le fiibc. 


r.g. ta 


roisraille's Method.— A Ion* 
capillary luLe C, say of a 
leti,;;tli i, and internal radius r, is 
fix«l horizrntallf at a depth A 
beioiv the letel 'of nater In a 
large sesscl A (Fig. ICO). The 
letei of water in the vessel A i 


hept constant by the inlet pipe M which supplies water to it from a 
raised rcsenoix and the outlet pipe iV nhieh drains out the e^resi 
water when the level exceeds its top If the velooty of flow does 
not exceed the entice/ cWocsty, the volume f of water collected at 
the end of the capdiary tube in t second* will l-e given by the follow* 
ing equation due to Poiseudle. 


“fr* 

r= , where 15 -co-cflitieni of vistosuv of water. p»shydro- 

static pressure at the level of the capillarv tube-/ipg, where 
paHcnsicy of water. 

229. Practical Importaore of Viscosity t— Tlie nature of the 
viscous resistanre ofTrred bv sra*w.ncr to a ship in motior, that of 
air to 3 or or aeroplane in moiion etc arc impoiiant factors gov. 
erning the dc-vign of such crafts. The quahrr of the feunnin pen 
ini depends largely on iis tivcositv V’ivcositv of lubritJinti is a deti 
sivc f.ictot in its u«c Fhc normal circulation of blood Uirough our 
veins and arieries is dependent on the viscosity of the blood Thus, 
riscovity plays a very im{'ortatil part in various wavs 

230. Properties peculiar to U^uids — 

Osmosis. — Tlic process of iBffusion is suilinglv modifed if r»o 
liquids arc separated from each other l>y certain membtane* The 
foilowinj' simple expviinvcnvs will iBasuate this fact — 

Expt. f. — A pi^'s bladder is filled with alrohol and placed in 
water. The bladder graduallr swells in sire and finallv burst*. Con- 
versely, if the biadder U filled with water and placed in alcohol, the 
volume of liquid in the bladder graduallr decreases 
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Expt. II. — Suppose a thistle funnel, F (Fig. 130), has its wide 
Jou’er eiid closed with a parchment paper and is immersed, parch- 
ment down into water contained in a bonL A 
strong solution of sugar in avaier is poured into 
the tube until the liquids stand at the same 
level both inside and outside. Wait for some 
time when it will be found that the liquid level 
in live tube rises and stands at some higher level. 

A Traube's Copper-ferrocyanide membrane acts 
better dtan parchment paper as a partition wall 
in similar experiincnis. 

What happens, In these experiments is as 
follows: In Expt. I, a pig’s bladder is such tliat 
water molecules can pass through it wlulc those 
of alcohol cannot. In lutpT. U, a parchment 
paper is such tltat molecules of water can pass 
through it while those of sugai cannot A mem- Fig. IZO 

brane acting in the above may, i.c. transimUinz 
one t^pe of molecules mhilc stopping another when used as a 
partition wall between the two, is called a semi-permeable membrana 
and the otic-way diffusion, that can lake place through it, is fenotwi 
as osmosis. 

In Expt, II, the water molecules hit she paiclrmcnt paper on both 
of its sides, but the number of hitting on the solution side is smaller 
by the number of the sugar molecules present, The result on the 
whole is that the water-level rises in the tube, 

The excess pressure, at etjiiilibrium, corresponding to the differ- 
ence in let'di h bettveen the liquid level inside the tube and that of 
tlie water outside, is called the osmotic pressure of the solute in tlie 
solvent and depends on the conccncration of jhc solution and also on 
the temperature. The inward diffusion of tltc water in Expt. E can be 
stopped, if the Solution in the rube F is subjected to a downward 
pressure, say by a piston ; the pressure, so exerted on the solution 
•side just sufficient to prerent osmosis, will be a true measure of the 
osmotic pressure of the solution, for in this case tlie concentration of 
the solution will noj change due K> dilution by diffused water. Inci- 
dentally, osmotic pressure is 'not an alisolucc pressure exerted by any 
■component but is only a difference of pressure which must be inain- 
tained between two liquids separated by a scroi-pcTmcable membrane 
such that the escaping tendency of any of them into the other may 
just be balanced. 

Pleffer, Van’t Hoff, Earl of Berkeley, Hartley and others made 
important studies on the osmotic pressure of a solution, and laws are 
now available from their work, which govern tlic osmotic pressure, 
volume and temperature of a solution. It 5s found that the mole- 
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of the large coliesnc forces uhkrh bind ilic molecules. Uliat happens 
then is tliat the surfate hccomes depressed until the resultant upv-atd 
force { — ti’) due to the stirlarc tetvsioR 7' acting as shov.Ti in iht 
figure is eijaal to the downnard force H' clue to ilie sseighi el 
tlie needle. 


The phenomena of insects tsalUng and running on the surface of 
liquids are aho possible due to similar reasons. 

(2) Spreading of Oil on WaliT. — Tahe a little oil, nuisurd 
seed or prcferablp ktrosenc. and drop it on water. It is pulled in all 
direcnen.t until it spreads oicr the entire surface, Hiit is because 
the suface tension of oil is much less than that of iiaicr: the greater 
tension of the tiatcr stretches the oil in all directions. 

Take some camphor shavings and simply pul them on a water 
surface. Tiicy arc sroanly; turned or moved hither and thubirr in differ- 
ent dircctroni The fact » that at each pointed end each Dale rc.iilily 
goes into soiiiuoii ui die naier and this reduces the surface tension 
at that end more than at any other, resulting in a motion cd the ffake. 

Q) Soa{>-biihMe.-~rorce .lir into a soap-buhhle carefully when 
it mil expand. Rctnnie die mouth (tom the pipC'Ciul, h«hWe 
will conirnct forcing the gas out This happens because due to 
surface ccn.iion the surf.ace of a liquid behaves as a serctebect 
membrane hai itig a (endcncy to contract. 


<-l) Camel Kolr Crush Expt — Dip a camel Ivair brush into a 
liquid "When the brush ts taken out. die hairs are all found to be 
drawn togeiher as tf the hairs are now- cotincctetl by a stretched 
membrane. 

235. Spherical Shapes of Liquid Drops On account of 
surface tension the skin of a liquid tends to contract in area and to 
attain a shape in vvbswiv the exposed area is mimmurn for a given 
volume. 1 e. it takes on a spherical shape , for. a sphere has the least 
surface are.v for a given volume Tlie effect of gravity on a liquid U 
to make the liquid dal . for, at tins vuiidittosi die centre of paiity ol 
the liquid will be at the fovsest In small masses of liquids, usually 
the cllcct of the surface icnvion jvedominates over that of cxo'vty. 
while in large masses the effect »s the reverse The spherical shape 
of soap-buboles, ram-tirops, etc illustrates the effect* of surface 
tension in small masses of liquids, while in tanks and ponds die v'lccr 
assumes a flat surface illusuauiig the effect of gravity. Recause of 
its large surface tension, mercury, when split on a floor, takci on the 
■sh.ape of small pellets in defiance of gravity. 

23a. Part pitted by Adbeston Wien the 

miiiiial atrraciion between the laolecnies of a bquid f'’''" 

tained in .i vessel « lc«.s th.an their attraaton to the side* (edrtenofil, 
the liquid nets Ihe side of Ibc sessel a» i". the ease of w.tter in a 
glass-vessel , bur if the attraction of sKjbevion is less than that ot 
cohesion, as with merenrv in a gfass-vesMiI, the Iiijinddoe* not »el 
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glass ; so mercury sprinkled on a glass surface separates out into 
spherical drops, whereas water or oil casfly spreads over a glass 
surface. 

237. Tlio Angle of Contact: — When a plate is plunged verti- 
cally in a liquid, the liquid is 
drawn a little up the wall when 
the liquid wets ii, as in the case 
of water, alcohol, copper sulphate 
solution, ether, etc. ^g. 133, 
left), while the liquid is depressed 
,a little when it does not vvet the 
wall as in the ease of metcury 
etc. (Fig. 133, right). The sec- 
tion of dae liquid surface near die 

E late is a continuous curve and is 
nowo as the capillary cutvc. C^perevlphaf* sch Mercury 
Consider a point C where the « iix 

capillary cutve meets the solid 155 

surface. The angle ACB in the liquid, which AC, the tangent to the 
capillary curve at C, makes with the solid surface SC, is called the 
angle of contact between the liquid and the solid. It is an acute 
angle when the liquid wets the solid and is obtuse when the liq^uid 
docs not wet it (Fig. 183). The angle of contact of water witli glass 
in air is very smairand can be taken as zero. 


238. Surface Tensions at 20°C., and Angles o{ Contact 
(Liquid — gla^) 


Liquid 

S. T. (djnta/ea.) | 

.Angie of Contact 

Wntor-air 



Soan soliiUon-aii 



I'.'Uailln oil-air 

1 26-4 

26® 

Mcreury-air , 

465-0 

130“ (apptox.) 


239. Capillarity If a glass tube of small bore is dipped in a 
liquid, then, in cases where die liquid wets glass, as in the case with 
water, the internal level of 
the liquid will bo higher than 
the level outside [Fig. 134(a)] 
but with mcicmy, which does 
not wet glass, ihe interior 
surface is below the exterior 
surface [Fig. 134 (b)]. The sur- 
face in tile case of water in 
glass is Concave upwards, but 
Fig. 134 fot mercury in glass, it is 

convex upwards. 
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These lesuhs .ue said )i» be- due to uliat is kiio»n as cal^IInriiy, 
vhich U A cosss'.tjucuce of surface wnsioa of ihc Jiquid and smallnc'S 
of die bote ot the tube. It arises out of the fact that tlic 
molecuJar attraciion of glass for water, the force of adhesion 
bensecn the solid aocT the liquid, »t grenit-r dian the attrac- 
tion O.e. the force of cohesion) of uaier for natcr, and that 
the force of adhesion heuieen glass and mercury is less 
than tile force of cohesion betisccn mcrciirv and inercurv. The 
elevation or tleprcsdoit of die Iu|uid in the tube is imcrscly 
pioporiiotial to the diameter of tlic tube; so the capillary 
effect can be clearly shown only in 
the rase of lery narrow tubes, called 
cupillaij lubes. 

The rise of oil in wickt of lamps, 
■he sojUng up of ink by blotting paper, 
the retaining of water in ti [ueee of 
sponge, the lapid absorption ol liquid 
by a lump of sugar, the wetting o( a 
towel when one end of it U allowed to 
sond in itatcr, nrc all inslanceS of 
captl/ortly 

140. llclghi of o Liquid (Capillary 
Rise of the Liquid) (n n Tube: — Let a 
~~ capillarv tul>c of radius r be rlipperl into 

Pig 13S ihc tiqiiid and ihe IwuiJ rises in the 

tube until n stands at a height (Tig. 135)i 
The surface of the column at the top assumes the shape of a spherical 
<up with iti conca'itv turned upwards. Let the height ol the column 
be /» nic.isiired ftotu the leicl of the surface of the liquid outside 
the tube up to the lower meniscus of the cuj> Let the angle of con- 
tact [/.ACB) between the liquid and the wall be i A force T due 
in surface tension acts along the tangent to the fiquid surface in the 
direction CA at c.-ith point ol contact C of the liqnid wiili the walk 
According to Mewtun's thud law. this Cotcc sets up an equal reaction 
in the opposite diteciicn. as shown by the dotted line, Tlte com- 
ponent of this reaction la the vertically upward direction = 7 cos a. 
Since die liquid surface in the tnbe makes s circle of contact I'itli the 
wall of the tube, the total tenical force upwardi'=2'rx(7’ cos »). 
This force lifts up the liquid in the tube. The tna's of the raised 
• I “-r*^ 

liquid in the posUton of eqiulibnBms«((/>+r)eT’ — -V p, where f 
jidensity of the liquid For equilibrium. 

2Tr T cos *= wiicre f=acce- 

Jeration due to graiift- 
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For water, alcohol, chloroform, etc or=0, approximately. Neglectiag 
t/ 3 compared to h, 

Ti=, , approximately ... ... (1) 

241. Jurin’s Law:— The devation or depression of a liquid in a 
•capUlaiy tube is inversely propordooal to the radius of the tube at the 
place oi contaa. This is known as Jurin’s Law of capillarity. This 
at once follows front equation (1) above, for T, p and g arc constants 
for a given liquid at a given place, ix. according to Jurin’s Law, 
■h xrsscoustunt for a given liquid at a given place. 

242. Robert Hooke (1635— 1703);— An Oxonian experimental 
physicist For some years he was a research assistant to Robert Boyle. 
He had a remarkable talent at Mechanics and Drawing. His princi- 
pal tyork in Physics relates to .tlic wave-theory of l^ht, universal 
gravitation, atmospheric pressure, and elesucity of solids. "Ut tensio 
sic wr”— die basic Jaw of cJasticiiy bears his name. Wc ou'c to him 
The first balance wheel of the watch. In 1CG2 when the Royal Society 
was formed he was appointed "Curator 
cf Experiments” and became its secre- 
tary in 1677. Ills researches cover a 
wiefe range of subjects but he concen- 
trated on few of them. He was tem- 
peramentally irritant and made virulent 
attacks on many contemporary scien- 
tists, including iifewton, alleging that 
many works published by them were 
due to him. 

243. Thomas Young (1773—1^9) • 

An English .scientist and linguist. 

He successfully deciphered many Egyp- 
tian inscription.s. He studied medieme 
extensively and acted as Professor of 
Pliy.sics at the Royal Institution. His 
Jnain works relate to median^ die 
wave-theory of light, contribution to 
mechanics of solids, and mechanism of sight and vision. 

Questions 

I. State Hooke's law and explain wiat is meant by strtss, strain, and eocfji- 
cient 0 / elasticity. Classify the various types of strain and write down Uic names 
of tlie corresponding coefficients of elasticity. (Gau. 1955) 
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on -xhat lacteia aoet tb* rtwldi of » wire iSfprnilJ Can 
law? What do aoa rotaD b; eloofritioa, \'cungV m 
sDgib] Ilow would voo deUrmine* youne's nuiislus 


3. Find Ihn .trelcliir)! fu»« tn > ileel wire 2 inett« long, I mm. m 
aiameler, when it is itrctcheit by 1 nun 

(yciiDg'i modulus /or itee!=2x*®‘* drnes/em *1 

Mm. 785x 10* dj-nes] (O U. I9S7) 

4 A ropper wire 3 metres lon^ and (Tb nm. m ditmeler supporls a mass ei 
9 kgm It IS ntrotohed 2 33 mm. 

Calculate Voung'a modalns [I’ooni, lOW) 

12-6x10“ dynea/oiu'l 

5 A totce of loo kgzn. is rsolteil on a piston sliding in a tube filTeil with 
water Tlie column of vraler compressed by U>« piston is 2 ntrires lone and 1 cm. 
Ill diameter. How far does tie pisicsi mos* in roirnreMiuc lh« wMer* 

r-lar. 122 cm.] 

6 3Y}iat force u rci^utrcil to aircteb a steel wire of I m cm. cress icciicn 
to double its lenglti’ young's inodulns el eteefi-SxlO'* ilsnrs/rm*. 

(If. r, B 1M2) 

M»n 2xl0" dsMSl 

Piecii's (he practicability of the sbos« in the light o{ the foe^ «jrten/i«n i;rsph, 
7. Tell bow you may. by the «'o of flooko'r Law ond a 21} Ik wcieht 
tnal.8 the acaie for a 93 lbs eprins balance (C H. 1936} 

6 A wire n( 04 cm iliaineirT is loadcil with £5 kgini -wt A Irnelh cf 
100 ctRs la {ouad to be extended to lOS cms. Caltelait the Voiing’s llmluliis 
Qf Iba wit* <Ml. 1046-, U. U. 1962s 

[.tiia DxlO* dyni-.s |rer aij cm ] 

9 Calculate the depression of a mercury coiomn in a glasa tube whole 
Inner diamettr ts 0 OSS cm 

M/ia 1 55 cm ] (si. of fneffuryw466 dyticsfem) 

10 Kow high does water nse it CspiDaiy elate tube whose lantr diim.'tcr 
la QO^-t ctn , if the angle of eontset ta negtig'bW* 

(.inr. ^7cml (at of water-73 dyncsfcin.) 




CHAPTER E 


HYDROSTATICS 

PRESSURE IN LIQUroS 

244. Hydrostatics : — Hydrostatics deak with liquids at rest 
under the action of forces within them or on the sides of die contain- 
ing vessel, and the phenomena that arise out of them. 

perfect liquid is a substance wfaidi has no shape of its own and 
takes up the shape of the containing vessel It is absolutely incom- 
pressible and is incapable of offering any external or internaf friction. 
No such liquid, ivhiA fulfills die theoretical considerations completely, 
is actuaUy known. But in hydrostatics whenever liquid is referrw 
to, it is t^ea as a perfect liquid. 

245. Liquid Pressure: — A liquid contained in a vessel always 
exerts pressure on the walls and on the bottom of the vessel. The 
existence of liquid pressure can be known from the following simple 
observation: Take a vessel with a hole on its wall and pour some liquid 
into it. The' liquid will flow out through Ae hole when the former 
reaches the level of the latter. To stop the outflow n thin plate 
of equal area may be put on the bole. The plate will remain at 
test only when some force from outside is applied to it Hiis shows 
that a liquid exerts pressure on the wall of the container. 

Jets of water that squire out from tvaccr pipes in the municipal 
streets from holes in the pipe walls are due to Squid pressure. 

Pressfnre at a Point in a Liquid. — Prcssttre at a point in a liquid 
is the thrust {force) exerted by the liquid per unit area suirounoing 

the point. That is, pressure P= which is jlic same as 

the force per unit area. 

Consider a cyluidrical ccJiunn of ffquid of height 
h, the area of cross-section of die cylinder being A 
(Fig. 136). The \vcight of this column of liquid is 
the total thrust upon the base. Therefore the 
total thrust upon the base Apg, where p pro- 
nounced ‘’r/jo')=den5ity of the liquid, and g=acc. 
due to grarity at die place. Pressure exerted 

by the liquid columti=— PS- That is, the 

pressure at a point in a liquid is proportional to Us 
depth, p and g being constants. Fig. 126 

Vol. 1—14 
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If the face of ihe membrane of ifae thistle funnel be turned to 
dillerent directions, uptrards, donnaards, sideways, etc., the mean 
depth of it being not altered, the index niU still remain stationary, 
showing equably of Jigutd prersure in ell direrrionr at the same 
lei'el. 


246. The Surface of a IJqnid at retf ia alnays horizoDial 

a If possible let the surface A'U' be not boritotital (Tig. 139). 

nsider t>vu points A and B in the liquid at the same horizontal 
le'cl icriically bclotv the points A" and B’, 

The pressure at A due to the liquid is F-i- pgh^, and that at 
n IS /'•*■ pgftj. sshcrc p is the demity of the liquid, and /t, and /i, arc 
the depths the liquid at A and B respec- 
nsclj. and P, tlie atmospheric pressure. Since 
hf IS greater than h„ tire pressure ai D is 
greater than that at A- So the liquid panicles 
vill roosc from B towards <-1 and equilibrium 
will he lost. TliU flow in the direction D to 
A mil continue as I^ng as the ptessute at Jl 
and A are not equalised Tliat is, for cquiU* 
brtiim lire pressure at B must be equal to 
that at A and so h, must be equal to A,, 
TiS 139 Stnee n and A arc on the same h«i- 

aontal plane, B' and A' must also be on .rnotlict horizontal plane 
at an upper l«s«l That is. the 
free surmcc of a Lquid at rest 
must be Itoriuiital. 

<ti) From the abose prin- 
ciple It follows also that if a 
liquid be poured mto a series 
of connected vessels of raridl 
shapes, the liquid, when at 
resr, nil] stand at the same 
leiel in all the vessels (Flff. Fig. IK> 

140). So in a tea-pot tea stands 

at the s.rme loci in the spout as in the resscl itself. Tliis is cora- 
nonlr expressed by saying that So n commimirating tcssci a liquid 
finds its own lerei oeryrvbcnr, 

(u«) If se'cral Lquids uhich do not mix with one another are 
placed in the same i-cssel, tliey »ill arrange ihcmselrcs one aborc 
another In tire order of their dnutie, the heaviest of them being at 
tlie bottom and the lightest at tho top It will he found that the 
surface of separation is horizontal between any two of ihem. 
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In Fig. 140(43), a laU jar is seen containing three liquids: mercury, 
water and kerosene in steady eqiulibrium. 

Mercury being the heaviest occupcs the 
lowest position, and kerosene bong the 
lightest occupies the topmost position, 
water going in between. That is, liquids 
at Test canloitied in a vessel He in the 
order of decreasing density from the bottom 
upwards, the surface of separation between 
any two of them being always horizontal. 

247. Some ZUnstratfuns of Equili- 
brium of Oqoids: — „ 

(1) The Spirit Level. — Tbc inscni- 
nient is based on the principle explained 
in Art. 246 and is used to .test whether a 
surface is horizontal ca not. It consists 
of a slightly curved glass tube filled with 
alcohol, except lor a small bubble of air, 
which naturally occupies the highest part 
of the tube (Fig. 141). Tills glass tube ^‘8- 

is fixed in a brass mount The air-bubble 

occupies exactly the middle position of the cube if the instrument is 
placed on a perfectly horizontal sur> 
face,' and she bubble will move to a 
different posidon if the surface Is not 
horizoDcal. 

Tig. 141-A Spirit Level W City Water Supply.— The 

piindplc that water, or any other 
liquids, finds its own level everywhere in connected vessels is applied 
in supplying water to the different houses of a city. In order that 
every house may have an adequate supply of water at a considerable 
pressure, water obtained from the source of supply, say a river or a 
ivcU, is pumped up by suitable pumps to a large reservoir placed at 
the highest place in the ndgbbourhood, or on lofty water towers 
specially erected for the purpose. The water from the reservoir is 
carried to different sites by means of water-mains and branch- 
pipes. The pressure of the wat e r supply depends upon the verucal 
height — called the “head of wat^ — of the water surface m the 
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rcscrioir above ihe point of supply. Thctcforc water supply shouW 
be arailable up t«> a hcijjlu equal ro that o£ the rcsenoir. In practice, 
honeier, the nater does not rise as high as the water surface in the 
rescrtolr. This is due in lots of pressure oti account of internal 
friction riithm the pipes. 

For water supply in Calcutta, water is filtered and stored in tanks 
at a height oE alwut 300 It. at the IMia station which is .about 20 
miles north of Calcutta As a coitsideraltle loss ic\ pressure of tire 
water takes place in transit along the pipes, a huRe reservoir has 
been erected at a litighi of about 100 ft, at Tala which is jiiii north 
of lltc city, wheie water is t^ain pumped up and stoved Cor distribu- 
tion in the city. 

(3) Artcdan ll’ell,— Wuhm the earih's crust there are layers o£ 
cUy, sf/tic, etc. wlikh are imficrvious to water, and also other layers 
of sand. gMsel, cte. which arc perttous. These layers .are generally 
concave in structure Where a porous layer of snnd etc. is included 
between two imperuous layers, a channel or viaier-bcd is formed 
uhere rain water pereobtes and ultimately collects at the boituni 
of the conc.avc bed Ttierc nuy bv siinilar water-heels at difTctent 
depths of critsr, Somr of these beds ag.tm may he in communi- 


cation with cutbving nvers or lakes so that they are like water 
contained tn C/-tube When a boring is made up to luth i/-source, 

£,«.«£■»«• -V , V • "aivr gushes out and rise* 

up to the head of the water 
in the source (Fig 142). In 
protince of Artois in 
i'taaCc the first well of this 
syp® 'vas bored .ind hence 
the name Artesian well An 
Artesi.sn well 2, COO ft deep 
'' 1 /> . jp ,j,e (Jpucj of SaluTTit 


Ti- iSJ—Tk* Artctisn Well supplies totvstdetable water 

even there Wells which 


gite out hot wafer .vrc known as hot springs. 

(4) Tube-wells. — The principle, which is uuUsctl in the case 
of 3 tube-well, is the s.nme as that of the Artrsi.vn well, but in this 
case, ilie underground water-beds whicii arc fed by outlying rivers 
and lakes are much less sleep. A* soon as a boring is made any- 
where below the surface of the orth teaching any of these water- 
beds, water Rudies forth upvrards with a tendenty to find its own 
level, which is the level of rivers, etc. or some such source whose level 
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is below the earth’s surface at the placa A pump is, therefore, 
gcnerall)' required to raise the water up to die surface of the eartli. 
Thus in a tube-well, unlike in an Artesian well, the water does not 
automaticaOy come to the surface and so a pump is required, 


Example. Nejlteting tht Jots of prtiiurtin the transit, catevtate lohat htad of 
tuatcT IS neccjSBri/ to prorfnee a pressure of ISO lbs. per sq. inch in the street mains. 

1 cu. of wafer weighs 62‘5 lbs. For a head of water 1 ft. high, the 
pressure per sg. foot equals 63*5 lbs. /. Pressure per sq. inch = y~=0'434 lbs, 

To maintain a pressnre of 0‘fl34 Ib. per sq. inch, a column of water 
1 foot high is necessary. 

Heaue to iimuitafn a pressure vl 200 lbs. per sq. inch, the height (head} 
«{ water nceestaryi g . ^ =460’e ft. (sppros.). 

That ia, the water is the resen’oir slieiild stand 4d0’8 ft. aboro the point in 
queatiun, 


248. Tbc Lateral Pressure of a Liquid : — A liquid at feet eNeita 

S >rcssurc on the sides of the containing vessel, This is known as 

ateral pressure. 

Fig. 148 shows a vessel floating on water, having a tubular 
outlet provided with a stop-cock Sited at 
one siclo near the bottom. Fill the vessel 
with water and open the stop-cock. Water 
flows out from tlie tap and the vessel is 
seen jo move backwaros, is. in a ' direc- 
tion Opposite to tliat of the water jet This 
is due to the fact that a liquid exerts 
lateral pressure. 

Explanation. — It will be seen from 
the next tiYO ardclcs that die magnitude 
of the lateral pressure depends on the depth 
of the level at ivhich the pressure is const- ^*5- ^'•3 

derccl and acts at right angles to any surface in contact. Wlien the 
liquid is at rest (i.e. when the stop-cock is not opened), die lateral 
pressures at the two ends of a diameter of the vessel at the level of 
the jap are equal, but being oppositely directed cancel each other, 
and so the vessel is stationary. When the cock is opened, the lateral 
pressure there .is released on account of the water coming out through 
it. But the lateral pressure at the opposite end of the tvall remains 
as before. This imbalanced pressure makes the vessel move opposite 
to the issuing water. 
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249. The pressure of a Cqnid M any point on th« wtUl of a 
TesscI acts in a direction perpeadicalar to the wall 


Expt. J. Tolic a hollow globe (perforated all 
ovcr^ fitted with a s^nge as shown in Fig. 144 
Remove the {ntton. fill ihc glohc and a pajt o£ the 
barrel of the s>-fingc with water. Re-insert the 
piston and slowly push it inward when water will 
W found to spurt out radially from tlfe globe (t'e- 
in a dirccuort pcrpcndLculat to tlie wall of the 
'esse!) with equal foice. 

Thtt sftotcs that pressure is transrulted etptaHy 
III all directioits by a liquid, ellhoiigh the pressure 
ir exerted on is m a p^tfeufirr direction, arid o« 
the ttvsfl o/ the containsng vessel »i cels perpendi-’ 
eularly. 

Tig. 144 This fact h also shown when the wall of a 

pipe containing a Squid at rest is pierced by a 
srral hole. A thin jet squltts out at right angles 
to the sutfaeo of the pipe. 


Expt. 2. Take a spherical vessd, as shown Lit Fig. 144(a). fitted 
tvith several tubular outlets 
buted all around radially directed, 
each outlet haung a closely-fit- 
ting piston capable of moving o«j- 
waids oi inwards The vessel » 
filled up with water. Suppose 
one of the pistons, A, is pushed 
wards by applying a force F. It »ill 
be found that all the other jns- 
tons are pushed outwards cqtially- 
This shotvs that the pressure 
exerted by the piston A inwards 
on the mass of the w.rter is nans- 
tnicted by it to all the other pis- 
tons in the different d»«c«otw 
and at right angles to the surfoce 

in contact Pi's 144[ii) 
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Examples. (^) A jJaU 10 metra tqvare U flaetd horizontally 1 metre below 
the rurjatt of water, when the height of the vureary baromeierielBO mm. What 
will be the total thnat on theplattl {Thedeneih/ of mercury =15-$). {0. U. 1011) 
1 metre=100 cias.j 10 meties sqaaie=lD metresxW jnetros 
=1000 cms.xl000 cms.=10' *q. cms. 

The pressnre at a point 100 «na. below the surface of vratcr=attDosp}ierie 
pressare+the pressure due to a colnmn of water of height 100 cins. = pressure 
due to (76xl3'6+100j cans, height of waler=1133'6x931 dynes (•/ 1 gin.-\vi.=931 
dynes). Ibis is the force exerted on mnt area of the plate. 

The total thrust on the p]ale=U35'6x^fXlO' dynes. 

=rU2xlO“ dynes. 


(2) A V-tubt open at one end and eloaed at the other ia partially filled with 
mercury {deneity Zfd). The doetd end of the tube contaiaa some air and the 
mereuiy in the open limb SO erne, higher than it doee in the elated fimh. 
And in e.g.t. units the interwity of preantre of the air in the eloaed end of the 
tube {HaTometric pretsuTt=7S ems.) • ((7. XI. 1910) 

The pressure of the enclosed ait wPressoK doe to (76+30) cms. of mercury 
= (106xX3'6xf®l) dyneswTdlXlO* dynes 


’hat depth below the aurfaet of water wSl the pressure he egual to 
•es, if lA* atmos/iAerie pressure 6e I megadynt (IP' dynes) ptreq. em.f 
sse.^1. (0. V. 1931) 


(y) At what d 
fieo atmoaphtrei if 
(g=9Sl ems./sse.^). 

Let k du. be the required depth at which the pressure is eqaal to 2 
megadynes. 


The pressnre doe to h cms. height of waleral loegsdyneBlO' dynes. 

The preisocD doe to 1 cm. height of water (Le. the wt. of 1 c.c. of water] 
b 1 Kni.>wt.e961 dynes. 


The pressnre doe to A c 
6.^1=1019-36 cms. 


waUrBhx931 dyneswlO' dynes. 


^0. The Pressure st any partiedar depth depends on the depth 
and does not depend on the shape of the vessel t— ■ 


Expt. 1.— The area of cross- 
section of the base of all the fout 
vesseU A, B, C, D ^ig.' 14^ 
knoivn as Pascal’s vases is equal, 
but the vessels are of different 
jshapes and containing capacities. 
They can be screwed on to a 
platform carried horizontally by a 
vertical stand which is also pro- 
vided nith a horizontal pointer 
intended to mark the level of any 
liquid contained in the screwed 
vase. This stand also supports a 
fulcrum. A plate E attached to 
one end of a lever, the middle of 
which rests on the fulcrum, is 
pressed against the bottom of the 
vase by adding counterpoising 
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weights on a scale pati hunj* fiom the other end of the le\er. Plaefng 
a suitable weight 11' oa the scale pan. wajer is pourctl into the 
vase untjJ the supporting plate E just yields, and water escapes. 
Noting the height h of the water by the pointer, the cNpcnment is 
repeated with the other vessels, the ncaghc on the scale pan being 
kept the same in every case. It ntll he found jhat v'aier begins to 
escape when it ari.ains the same height in every case, proving that 
l>rcssiiTe rfepcjidf only on the depth, and not on ihs stxe or shape 
of the vessel, i e. the pressure, k independenr of the qiiantitv of 
water contained m the vessel, but depends only on the depth of the 
water. Tile same is true for any liquid. 

The fact illusttaicd in the above citpt, is known as the 
lljdrAstatie Paradox. 


Explanation.— Tlie result appears at first to be pujzling but 
.1 tnotneni's cotiiidcraiion will show 
■hat tlierc is no real inconsistency. 
Suppose there arc two vessels, (a) and 
{0), in Fig IIS of JilTcrent shapes and 
rapaeities They are filled with water up 
to the same level Though the amount 
ol w.vier in the two vtsvels is dilTer' 
yr — - ~'i tn«. the pressure exerted on the base 

wl wl of ihe vessel is the same in the wo 

Fis 146 cases 



This ts because, the sides of the vcsstl exert prc'tuTC on the 
liquid at right angles to the surf.vc. ITiis pres'iite i.v represented 
by P ill the two vessets. fa) and (b). and tan be icsob'cd into two 
cornponents, (' acting vertically and H acting iiorizuntally. 

Ill the vessel (a), which cuiitaias a larger quantity of water, all 
the vertical components like I' acting upwards serve to support 
some of the water on the slofnng side In the vessel (b), containing 
a fmaller quantity of water, ^e slope of the side being opposite, the 
vertical cornponent f is acting ilonnwards. vvhich is transmitted :p 
the base. Due to this, the total pressure on the hase oi vessel (W i* 
the same as that of vessel (a) and is cqu.vl to that of a v«5cl hating 
vertic.il sides of equal hciglit. 'This rxpimns that the pressure 
depends only on the depth and not on the shape or Wee of ike vrssr!. 

Etpt. 2. — That the pressure of a liquid at a point depends on 
the depth of the point and not on the shape of the ve<*el containing 
the liquid is also shown by the following simple and interesting 
experiment— the bursting of a cade. 
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Fig, 147 


A stout cask A {Fig. 147) is aimpletely filled with water. The 
quantity of water in the cask is quite large but the cask does not 
burst. A long narrow tube T is then fixed 
vertically through the top of the cask and 
water is gradually potir^ into the tube 
when tlie pressure ol water inside the cask 
increases gradually with the rise of the 
level of water in the tube ; when the level 
reaches a certain height the pressure inside 
becomes so great that the cask bursts though 
the actual quantity of water added is very 
small. 

This experiment was first carried out by 
Blaise Pascal ^1623-1662) .taking water in a 
narrow tube aMut 80 ft. high. The pres- 
sure exerted by 'such a column of water at 
a level near the bottom of die cask will be 
about 15 Ibs./in*. This pressure will be 
transinitted In all directions at the same 
level widi equal force and acting perpendi* 
cularly to each sq. inch area .of. tfte inside 
wall of the cask may be sufficient to burse 
the cask, if the same is not sufficiently strongly built. 

251. The upward ptessure at any depth in a liquid is equal to 
the dpwnwatd pressure : — 

Expt. — Take a glass cylinder with both ends open. A thin disc 
of tin IS held tightly against the lower end by a string passing through 
its centre ^g. 148). On lowering tlio whole into 
water and loosening die string, it will be found 
that die tin disc does not fall. This is clue to the 
vertical upward thrust exerted by die water under- 
neath the disc. 

Now, carefully pour water inside .the cylinder 
and note that die disc remains in its place so long 
as the level of water inside is less than that at the 
outside, but the disc falls down by its own weight 
when the level of water Inside and outside the 
cylinder is the same. 

This proves that the upward pressure, or the 
buoyancy, at any depth, is equal to the dcnvttward 
Mg. MS ■ tr 

252. Pascal’s Law t—The pressure exerted anywhere in a mass 
of confined liquid is'lransmitted nndiminished in all difeclions through- 
out the mass so as 'to act ioilh equal Jorce on every unit area of the 


=P 



aifei 




220 


CfTPRMEDttTE PRrSICS 


containing vessel in a direction at right angles to l/ie surface of 
the vessel exf’osed to the liquid. 

ExpJ. 1, — ^Take a stout glass flask fined wiilj a closely fittcfl 
pisjOTv at the neck, “niere ate lour tubes, bent upsiraril* and attaclicd 
lo the ilask, as shcn'ii in Jig. 140 Put a little mercury into the 
bend of each of tliese tubes Then each of these tubes serses as a 
manofreter (or ptessure-iacasuier). 

Remo%*c the piston and fill the flask »id» water, and then apply 
pressure by re-inserting the piston. The (tressure is ttansmiiied in 
all directions. 

On pushing the piston, the mercury will be seen to rise to the 
same height in all the tubes shouiog that the pressure etiertcd is the 
same in erery case. 

If each of the openings has got die same area, 
(lien die total force eaeiied (i,e, pttisurex areal 
also be equal in every case. If the area of one of the 
openings be twice diat of another, the toul force (liere 
total forcesSxare.'i xpeess.) cxetied there will aI«o be 
twice, but the pressure, t.e. the force per unit are.a nill 
be the same and so the manometer will indic.ate the 
same diScrcnce of level. 

£vpt 2. — Refer to the experiment described in 
Atl 2l9 as Expt. 2 Suppoie the piston A is of unit 
cioss-secuon and the odiet pistons B, C, D, have sec* 
uonol areas of 2, 3 and 4 units It will be found that 
wlicn a force F is applied on the pitton A pushing it 
inwards, forces of magnitude 2F, HF and 4F will be 
required lo stop >he pistons B, C and D from being 
pushed outwards. This shows that the force exerteil 
by /I in a given direcdon is transmitted with equal 
force pet unit area in the different dirtaions in which the pistons 
B, C and D are situated, and so the expt lerifies Pascal's law. 

253. Tbfc Principle ol JiteMIgllcalion of Force ■ Consider two 
cylinders A and B (Fig. 15o) of diBcrcnt areas fitted with pistons 
and communicating with each other through a pipe- Now, if a 
pressure P be applied on the psinn in A, an equal pressure P will 
be transmitted lo the pisioB in D- Remember that it is the pressure 
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which is transmitted and not the total force. The pressure is the 
force per unit area. Hence die 
areas of jhc pistons must be taken 
into account in considering the 
transmitted force. So every unit 
area of the piston in B vi^ be 
pressed upwards with the same 
force as exerted on a unit area of 
jhe piston in A. 

Thus, if the diameter of B is 
four times the diameter of A, die 
area of cross-section (assumed cir- 
cular in the two cases) of B >»ill be 
sixteen times that of A. The pres- 
sure on the piston in B will be die 
same as that applied by the piston 
in A, but since the total force is the 
product of pressure and area, the IW 

upward force W on the platform will be sixteen times the force 
on the piston in A, or, in otlier words, if a and jd be the areas of the 
small and large pistons rcspecdvely. and / the force applied by the 
piston in A, then .the force F on the piston in B will oe given by, 
F=Lx/3. 

254, Tbe Hydraolic Press (Bramah's Press): — A sebematio 
diagram of tlic hydraulic press is shown in Fig. 151. 

Constmetion, — The madiine essentially consists of two parts; a 
water pump whose piston Q works in a narrow metallic cylinder A 
and a thick ram R aaing as a piston in a wide cylinder B, the two 
cylinders being conneaed by a stout metallic tube D. The strength 
of the cylinders to stand large internal pressures Is usually increased 
by shaping the bases hcmisphericaily but no.t shown in that way in 
the figure. The piston Q is connects ro some point K in the middle 
of a lever L by which it is worked. The lever has its fulcrum at one 
end F and at the other end of it an effort P, b applied. A valve F, 
separates the cylinder A from small tank T wliich Is almost full 
of water. It allows only an one-way passage of the water from the 
tank to the cylinder. Anojher one-way valve opening from the 
side of the cylinder A towards the cylinder B separates the latter 
cylinder from the former. On aerxunt of this valve water cannot 
flow back from cylinder B to cylinder A. The top of the ram R 
forms a platform on which any material intended for compression is 
placed and, as the ram is raisM upwards, the material is compressed 
against a fixed girder G which is supported on strong pillars. 

• To raise the ram R which is the pressure-piston, the pump-piston 
Q is worked up and down a number of rimes by the help of the lever 
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connected to it. As the material is oompressed. the pressure of water 
■within the machine increases and so. to' present damage to the 
madiinc cn^account of cxec'siie pressure a safety 'ahe V, is fitted 
in the tube D which connects the cylinder A to the eylimlcr B. This 
blows off when the internal pressure exceeds a certain ILtnitlng \alue. 
whereby some water escapes and the pressure drop* down to the 
noimal- 

In order that the ram R may again return to its normal position 
by its own weight afiei a etwoMessirm is cr\cr, there is an aaannetncnt 
o} a sidc'iubc fi coiinectiiig the pipe D to the unk T and the side 
tube is proiided with a stnp-codt C by opening which the water 
from the cylinder D can be made to pass back into the lank. To 
make the ram R work water-tight, a leather packing /, shown also 
separately as (o) at the top of Fig J51, liaving the form of an in- 



icncd cup is so inserted around the piston in an annular recess in 
the body of the cylinder B that water, when utidcr pressure, passes 
into the annular space inside die trip Consctjucnuy, tlic grc.ttcr 
the w.itcT pressure the nchscr the water presses against the lam ff 
and the better beconic the joint. To make the Jc.ifhcr impcrtlous 
to water, tc is preuously soaked In ml A similar p.ieking may also 
be used around the smaller piston Q Such packing to make tba 
joint water-tight, sshicFi may nc made in some Other nays as well, 
novs-a-days, was first devised liy the engineer nrainah and so tltc 
press is someUmes called after him- 
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Principle of Action. — Hie principle of inuldplicatlon of force 
^herenc in Pascal’s laiv) by transmission of fluid pressure is used 
in ilie hydraulic press, As the piston Q is raised by the lever L, the 
pressure inside the cylinder A decreases and so water enters Into it 
ironi the tank T by lifting the valve F,. During the down-stroke 
when the piston is lowered, the pressure inside increases and closes 
the valve F, and the water is forced into the cylinder B through the. 
connecting pipe D lifting the valve Fj. That is, during an up-stroke 
a quantity of water is drawn inside the cylinder A and dunng the 
following down-stroke the water is forced into the c^ylinder B. The 
thrust generated on the piston Q due K) any small effort applied at 
ilie free end of the lever is irausmitted to the water in B and pro- 
duces on the ram R a huge upward thrust which is as many times 
larger as the cross-secdon of 1? is greater than that of Q. 


Suppose Pj is the effort applied at the free end of the lever at a 
distance Y from the fulcrum r, and P., the thnisi generated on the 
piston Q which is distant, say, X from the hilcium. Let the cross- 
sections of Q and P be a and /S respectively. Tiien. for the lever, 
P Y 

the mechanical advantage, »«s=ihc force ratio, 

V 

That is, Pg, the thrust generated on she piston Qas— xP, ... (1) 

The pressure exerted on the watcr=P,/«. Tlus pressure is trans- 
mitted undiminished throughout the water across any surface exposed 
to the liquid, according to Pascal’s law. This will, theiefoie, cause 
an upwarS thrust P, on the ram R given by, 

P,.^K,8-P,xixl4 P) 


= effort at levc 


: mechanical advantage of lever 


cross-section of ram 
'cross-secdon of piston ' 


Mechanical Advantage of the machine as 
_ thrust generated 
~ effort applied P, ' X a 


i whole; — 
from (2) 


=mechanical advantage of lever ; 


cross-section of ram 


cross-section of piston ' 
Principle of Conservation of Energy applied to the Machine.— 
If .the ram is raised through a vertical distance and the piston 
in A pushed down through U then 

Lx3.—1,xB, since the decrease of toIiutic of water in A is equal 
to the increase in volume of the water in B, assuming water to be- 
incompressiblc. 

So Z„//,=(S/a: but Pl^—Pal^si according to the Pascal’s law; that 
is. P, X i/=P„ X L. 
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lo Other worcb, ■uorlt done by ihe xatn, {P, x/,) 
orl dojie (P, x /j} oa iJie smaller piston 

" x) ('!■ y)'’-''- 

from the geometry of the letcr, vtheie f, is the vetticil distance 
through which the point of application of the effort P, is pushed down 
=wo:l. done on the leret. 

Thus, the principle of consersation of energy is obeyed by the 
machine, as it must. So no gain of woik is cnsisag^ 

Pj is greater ilian Pj In a ratio in which /, is greater than I,. 
This is sometimes expressed in popular language as “^>hat is gained 
in power is lost in speed.” Alorc acoiraiciy this fact may be stated 
as “Mechanical advantage U always gained at a proportionate 
diminution of apeed." 

Eianple. d Sratn^ Presr 4<t> a fUlvn tr/iati tfr.Unn $0 Jff 0 q. ■'», rkc 
tT 900 rcetion of tM puap u t 0 J. m T4« silarter <ion c/ tin lerir itsri’fig C4< 
jnttnp w ( lent and tXt lanptr ant w 4 fttc M UnptX. Celtvhtt tht talei fefe* 
cllaintJ vk*n an tffort of lli /4< it aiif/itd to tit tnj a/ tit laiffer am. 

{C. U. ifIS) 

Ry tits ptiactpl* of the l«v*r *• bars t75x4BP,><l, wber* P, 11 ths wtigbt 
r load, «r rtiitune* of tb* pooifi P,- -TOO lbs 




r rtiitune* of tb* pturr 

TbaL ts. llin pirsture liu b<>rn iiirresteil fram 17S to 
TOT lbs 

New, sccordtss lo tb* pnaripl* of the bydrsslie 
pr«n, w* htvo , where 11 tb* teUl fore". 



r,g. 152- 
llyclrosUtic JStUows. 
balanced by the 


/».= 222<ii3 .,*0.400 iu. ert 
2 

255 . lijdnrstilic Bellows: — Fig J52 re- 
presents an apparatus known as the indrasiatic 
wi/etM. This is another example of tnc muld- 
plicauon of foicc by tlic transmission of fluid 
pressure 

The apparatus vun>Ists of a stout leather 
bellow* attached to a long narrow sertical tube. 
The leather bladder and a part of ihe tube are 
fiDed with water. A hcary weight placed on the 

C l.iiform of the Wadder will be supported simply 
y the weight of the column of s'ater jti the 
.attached narroir tube; 

A roan standing on the platform can also 
be balanced m the above stay, if the tube is 
sufficiently long, and the atc.a oi the plniforrn 
adeejuate. Tl^ may appear quite jiaradoxial 
considering die heavy weight of a man being 
weiglil of a nacrow column of water of 
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small quantity. But it can be easily explained by the principle of 
multiplicatioa of force. 

Suppose the vertical tube is 2 metres long and the area of the 
platform of the bellows is about 500 sq. cms. ; then since the pressure 
that can be exerted by a column of water 200 cms. high is 200 gms.- 
wt., the upward dirust on the platform of the bellows by the principle 
of multiplication of force, will be 600 x 200=100 kgms.-wt. which 
is sufRcient to balance the weight of an average man. 

256. Other Examples of Pascal’s Principle: — Anodier example 
of the Pascal’s principle is hydraulic lift ivhich is now-a-days 
commonly .seen in big towns in automobile repairing stations by 
which automobiles arc lifted up to a suitable height above the ground 
level for die convenience of the repairing workers. Tlie hydraulic 
chairs userl by the Dcodsts also work on the same principle. 

257. Blaise Pascal (1623—1062): — A French mathematician, 
physicist and religious thinker. He ranks tvith Galileo and Stevin, 
.as one of the founders of the Science of Hydrostatics, Hydrodynamics 
and Pneumatics. He is one of those great men who showed signs of 
uncommon sdcndfic powers in early childhood. He is a successor of 
Galileo, a contemporary of Torricclii and a forerunner of Guericke 
in establishing the connection between atmospheric pressure and the 
iveight of air. At the age of twelve he began to master Euclid and 
at sixteen wrote eighteen esMys on Conic Sectioits which arc of 
permanent value. He was a teacher of mathemadcs in a Polytechnic 
School where he investigated die properties of fluids. In 1646 he 
established the Law of fluid pressures known as the Pascal’s Law; 
and invented the Hydraulic press. It b said that he only applied in 
a new way here what Stevin bad previously discovered. After the 
discovery of the atmospheric pressure fay Torricelli, it appeared to 
liim that it is actually the wdj^t of the air that exerts the pressure 
and holds up the mercury column. So he undertook experiments to 
prove the same and in 1648 proved beyond doubt tliat the pressure 
diminishes as we go uptvar^ in the air-ocean just as it does 
in the case of a liquid, which also Stevin had stated e.trlicr. 
That Torricelli’s mercury column Is not drawn up by 'the vaenun^ 
as Aristotle thought but is pushed up by the weight of air, as already 
demonstrated by Galileo, was confirmed finally as a result of Pascal’s 
work. He was the first to make a thrilling demonstration of the fact 
that a narrow vertical column of water contained in a long tube fixed 
to the top of a wooden barrd can exert so much pressure on its walls 
that the barrel may burst. At that time it was called a paradox. 
Tile hydrostatic bellows (Art. 255) is based on this principle. He' 
devoted the last ten years of his short Kf^ to religious thinking and 
died at the age of thirty-nine at Paris. 

Vol, L— 15 
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1. Ilow ■wooU jQu |iTu%« »xpcnnwatt\l; lhal a liqmd exttlt ptessute la 
all directions’ (0. u. ]S11, 'U, -S/j 

2 Tli» densil; af tta water i$ 1025. Fuul the pressure at (lie depth of 

10 ft. below tile iiiifae* m jiutuids i«T a<{aac« loot, gittn that one coUc loot 
of oaler wci-ha 63 5 Jhe JC. U. 1S)27) 

[dne. 540'625 lbs. per eq. (I.) 

3. Define intensity o( pressure at a point in a liquid rnite that the 
difference of pressure /“ between the autfsea of a liquid and a point in Ilia 
liquid a ORIS below the aurfaee is eaiea bjr J'a-i J z, when d is llio density 
of the liquid and ^ u iba aceeleratioit dim to gravity. 

(C. V. :9:0j Pat. 1938, e/. .M. U. »S0| .Anna. U. IKl. e/. Kau. 1055) 

[IIiDts.— Intensity of pressara at a fOlBt il the toieo per cnit area 
surroundisj that potat. li a be Ibo otmospliecic )>rr»uru, i.r. foree r{ air 
exerted on unit area, then (ba foree dae to Ilia aimosplitri; cn an area d 
of liquid aurfacewpx^i TI>o (nrre sW (o (he tiquiil cnlunin of lha iirao 
area d and height a arts mAffdx •, Total force oo an area d in tbe liquid t 

ems bcluw the Riir(aceBpd.t-sfptft. 

Tbo force ea tiBit atcawprestarawp+ff d t . aod the pressure os tlie 
lutfieesp 

The diffeteace of preaiura P-fP+fftlsl-p-? ^e ] 

4. State Faaeal t law tecardsoi; the transmiaeion of pieseure m a liquid and 

ilenna intensity of pTesstra at a posat m a l>9>4d (Oaa, 1035) 

6 A rectaa^ular tsnk 6 ft deep, 8 ft broad and 19 ft Ion; la fillrd nitli 
water CileuUu the thrust ob eaeb of iba sides and on the l.tw [1 cii ft. 
«( water ««tghs 62 6 Ihi > (I’st 19191 

[An* On the basa~960,000 poundals oB ea^ of tbo shorter Bidcs*<2C8,C03 
pounilats, on each of the looker aidesxSfO.OOO poisadals,] 

6 What IS she total fo«o on o submerged teetanjular area 12x16 em «bm 
it IS incliiird at 30* lu lha hosiruMbsI and sts u|qief edge of 12 cm is 20 cm. 
below the aurfaco of water lo a ]ar 

[^Ina 46x10* dynes] 

7 A (all srssel, provided with a tap at the side scar the bolloin is filled 

with water and made to float uptight em a thick pisto of rork Eyilein whu 
will happen ■nhen the lap u cpciKd (C. D- 1914) 

3 The seek and bottom of a bottle are ] inch and 4 inches m diamclrr rrsrrc 
lively, ff, when the battle is full ol ail. the cork in the neck is pressed in 
with a foree of 1 lb wt, what force ts exerted on the bottom of the buttle’ 

I/tn* M lbs. wt] U'al IW) 

9 Draw a neat diagram cl the hydraulic press, and eisa a brief doseriiiliciu 
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11. State Pascal's principle of traBsmission of fluid pressure and apply it 
to secure multiplication of force. 

Describe a Bramali’s Press with a neat diagram. Wbafc is tho mechanical 
advantage in such a machine’ (C. 1J. 3957) 

12. A force of SO kgms. is applied to the smaller piston of a hydraulic 
machine. Neglecting friction, find tho force exerted on the large piston, the 
diameters of the pistons being 2 and 10 cms. respectively. (Pat. 1922 ; P, U. 1925) 

[Ans. 1250 kgma.-TCt.] 

13. Ihe area of tho small piston of a Hydraulic Press is one sq. ft. and that 

of the large piston tTTciity sq. ft. How moc^ wt. can be raised on the large 
piston by a force of 200 1^ acting on the small pUtoat (C. XJ. 1946) 

[Ana, 4.000 Ihs.] 

CHAPTER X 

ARCHEVIEDES’ PRINCIPLE 

2S8. Archimedes’ Principle: — A body, immersed partly or 
■wholly m a fluid at rest, appears to lose a part of its tsieight, the 
apparatt loss being equal to the weight of the fluid displaced. 

Vcrlficntion.— The above principle can be veriCed in ibe case 
of a liquid by a Hydrostatic balance, wbich is simply an ordinary 
balance oy which the weight of a body iittmcrsed in a liquid can be 
conveniently measured, (hi tt special form of this balance, tlie 
suspending frame of the left>band pan is scorter than that of tlie 
other pan. This pan has a hook attached to its bottom. Tlie body 
to be weighed is hung from the hook.) A wooden bridge C (Fig. 16S) 
is placed un the floor across the left-hand pan of the balance in order 
that a beaker containing a liquid may be placed, on it and the body 
to be weighed is hung into the liquid contained in this beaker. 

EspL— A solid metal cylinder. A, is suspended from a hook fixed 
at the bottom of a hollow cylinder or bucket B 
into wliicli the solid cylinder A exactly fits. So 
the internal volume of the bucket is the same as 
the volume of the solid cylinder. The whole thing 
is suspended from tlie left-hand aim of die balance 
and counterpoised. Tlie solid cylinder is then 
totally immersed in the liquid contained in a beaker 
D which rests on a small wooden bridge C placed 
across the left-hand pan free from it, when the 
ordinary form of the hydrostatic balance is used 
as shown in the figure. Tlic equilibrium is now dis- 
turbed as the sohd cylinder, now immersed io 
water, has lost a part of its ivdght due to tlic 
upward thrust, j.c. the buoyancy of the wafer. 

Now fill the bucket B completely with the 
liquid and the balance will be restored again, 
showing that the solid cylinder lost a j»ri of its 
weight equal to the wdght of its own volume of I'ig. 153 
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the liqutt! {rtliich is die same as the ueJghr of ibe dbplacrf] 

or, in other words, tl\e ulrcard thrust on the eyhjidcr is cqi'a! lo the 

weight i.f the liquid displucrd by li. 

This scrifies ilic prindjilc of Archimedes in tlie case of a liquid. 
For serification in the case of a gas. see Art, 2C2 

Apparent Loss. — It should be noted th.tt the lou in wcicht of 
the cylinder el is only on apparent one and not true, for rcaily the 
be.nl.cr with the liquid in It together with the cylinder placed on the 
scale-pan would neigh the same Hhechcr the ejlindcr is placed outside 
or inside the liquid in the beaker a* explained in the case (2) on 
downward thrust (title An. 205). \Vlicn the cylinder is inside the 
liquid, it experiences an upward thrust exerted by the liquid (causing 
the apparent loss of weight), which tend* to misc thc*.arm to the 
balance, and the cylinder in turn exens at the same time a recclipn 
ssliidi is a downward force of equal magnitude on the liquid (according 
10 Newton's Third L.aw of Motion) Tlius the balance is rot disturbed. 

259. Buoyancy s— The bouyarcy of a iluid majr be deCaeJ as 
tlic resultant upward thrust cxrcncnccil In- a body wiicn tmnicrsel in 
the fluid ^Vhen standing or lyu'S svattr. you must hase noticed 
th.at ssater tends to raise sou or buoT you uo. The result of the buoy- 
ancy of isatcr tan aUo tc obserscil. if a ie.nl pencil (or any other 
thing which floats] is pushed into water and tiien let go, when the 
aohcTwill be seen to float up through the water 

Tliooretical Proof o! She Valve of Buoyancy.— Consider .1 
solid rectangular block AliCD inside a liquid (Fig 151). Tlie liquid 
presses on the block all o>cr Tlie horizunc.il 
pressures on the two pairs of opposite ^ertl- 
cal surfaces emintcract each oilier as they 
arc of equal magninide and corresporulingly 
act in inc same horizontal line. Tlie top 
surface AP i$ pressed downwards by the 
wriglii of die column of liquid AEFB Tlie 
boiiuiD surface CD, which is at a depth CF 
below the surface, is pressed upwards by the 
weight of the column of liquid EDCF- It 
i> clear that tlie upward force exceeds the 
downward force by the weight of the column 
of liquid ADCD,' wliicli i' the qii.mnty of 
liquid displaced by the blocL le. the upward thxuK exerted by the 
liquid is cqu.il to ihc weight of the displaced liquid. 

Matbemalicat Proof. — L« EA and ED, ic. the depths of AP 
and C£)=/i and h' respectively: area of the fa-cs AB and CD=A : 
density of the liquid = d; acccleraiioa due to graiity^g. 

.*. Tlie total downward force On the face /ID«=Afidg; 
and the total force on CD acting vertically upwards^^Ah'dg. 

TJie resultant thnisi on the block exened hy the liquid acting 
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vsniccUv vpTrcrds=A{h’—k)dg. But A{h'—h) is the zrohtn-.e of the 
block ; so the resiilcsnt uptrsid thrust is equ:il to the weight of the 
volume of the liquid displaced bv the block. This upward thrust is 
called the fauoyancv of the hquicL 

Besides the buovancv, there is another force acting on the body, 
which is the wdsht of the bodv acting verdcallv do'Anwards. If li" be 
this weight, the reultant force acting on the bodv is { IT’— .-Hh'— /!)dg} ; 
that is, 071 cccaii/zt o/ imnzcrsiar: Ike body loses c pert of Us freight 
eque! to She s'cig/Ji of the Uqttid displcced ire it. 

260. Practical -•kpplicalions of .Ajchimedes Principle : — 

(1) Determination of Volume of a Solid. — The volume of a 
solid of any shape (which i? heavier than and insoluble in water) can 
he e.asUv detertnined bv the following method; Let the wt. of the 
body in' air=irj gm. Let its wt. when suspended in water wtdi a 
hydrosadc balance (Fig. lo31=n'. gm. Loss of wt. in wattr»= 
ir,— ir’.=>Tt. of '’rater 'displaced. *The volume of this displaced 
water is equal to the volume of the solid. 

Now the volume of (H*, — d'-l gm- of waterie(TT*^ — IT'.l/d cc. 
where d gni. per cc. is the deasiev of the water taken. 

Volume of the bodv=(lr'j— cx. If the weights are 

g ’vea in pounds, the valuoie of the bodysfK',— H'jl/Cil’S eu. ft, as 
e density of w.arer is BS"© lbs. per cu. ft ' ^ 

(2) ibetenmnadon of Den^' of a Solid. — As density is mass 
, . . . . ... mass ii'i — i^’s 

per unit voltime, density of the sohQ= ..gjggy. = K i-f — 


ss s: gm. per cc (taking the density of water 

d=l in CG.S. units). In KJP.S. units, die density of the so!id= 
X 02 u lbs. per cu. ft 

261. History s — The principle of Archimedes is also known as 
the law of hnoj-anej-. It was discovered by Archimedes (237—212 
B.C.1. a celebrated mathematician and philosopher born at Syracuse 
in Sicilv. The storr of Hiero's oov.a in conneeden with the dis- 
coverv of this law has been v«v well known. Hicro, the king of 
Syracuse, wished to be certain that the crown made for him was 
of pure gold, and he asked Archimedes to ascertain this. This 
job wTiS not .an easv one. for the crown must not in any way be 
damaged. .Archimedes was puzzled at first but one dav while he 
was taking his bath in a tub of water, he fck a loss of weight of 
his bodv and the idea crossed his mind that a bodv immersed in a 
liquid loses a part of 5 b weight. Subsequentiv. he found that the 
Io5.s of weight is eqii.il so the weight of the displaced liquid. This 
enabled him to find the volume of the cro"o and therefrom the 
densiev' of the material. Ir is so said that from the tub of water 
he jumped up in ecstasv of jov and rushed out into the street. 
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262. The Prbciple of Arcliinirdes Is also true lor Gases : — 

A body nilJ .ipp^reody Keigh Je«* in air than it would in 
\acuo, for the air e.xerjs an upward ihrusc equal to the eight of the 
displaced air. but the weight of the dis^aced air h fo smali that 
ordinatily ihc lots in weight is not taken into account. 

Expk — Tliai air, or any other gas, exerts an upward thrust on a 
body iramersed Jn it can be demonstrated by the baroscope (Fig 166^. 
The arrangernent is as follom: A large sphere of cork Af is 
__ Suspended irom one arm of a small balance 

Jy ana is equipoised by brass «ts U’ placed 

On the other arm The whole system is 
/ ftlL \ placed under the recciier JK of an atr* 

/ \W \ P^'tip On drawing out air from within the 

' II ll \ teeciter by means of a pump, the arm 

earr)tog the cork sphere is seen ro »ink 
down 'llic cork sphere owing to its larger 
A I \olume ditplaccs a greater loluine of air 

Q A th.in the brass pieces do and so the up 

'"|| thrust, or the buoyancy of air, is also greater 

V V sphere. As the apparent wts. 

o( both to ait are the sitne while the 
buoy.incy on the cork sphere is grcaier, the 
*' U|T true wi- of the twk siihere must be CTcater. 

_ "niat IS whv. in die ab'emc of ait, the cork 

sphere sinks ciown If, iinweiet, the two 
arc eouipoUed first in vacuum unU then air is inirodiieed. the 
cork will go up and the treig/jts sink dos'n 

2SJ. True >Vcishf of a body? nuoysney CorretUonr — !n iriy 
accurate weighings it is necc«sarT to take account of the air displjced 
by the body in order to reduce the weighing to vacuum. 

Let If' —true wt, of the bodv. ti. us weight in sacuum; 
ir',«»true wt of the counterpoising weights ; 
d =dcnsitv of the body, a,=dcnsity of the maienal of 
the wts ! 
p =density of air 

Then the tolumc of the body=sll'/J, and the volume of the 
counterposing «fs.= »/’,/d,. So the srt of the air displaced by the 
body=5 p. W'jd, and that by the wts.=»p. 

Hence, for equilibrium, we hast, 

ir-p. »7d=«\-p. 




Qce p is small in compariion with d or d,. 

Euimple. Th. ^ of n U o.r i. JO-J gm. J»r *"^fy 

0-7S 7 ^/e.e., that of i’a‘» via. i» rt pru 'ee, ord that e/ oir >< 
1 /C.C. Calnlatt tht trat vt. of tie Mf. 
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■®=+®=>"™i2»(ws- w) 

=30'M7W gns. 

Hence tbe true wt. is greater than the apparent wt. by 0'04704 gms. 

264. ^Tiich is Leafier, a lb. of Cotton or a lb, of Lead ? — Prima 
facie, one ivould be mciiDed to diink that a Ib. of both should be 
equally heavy. But one should remember that a lb. of cotton 
occupies, o'ving to lower density, a much larger volume tlian a lb. of 
lead and so the buoyancy of air on the former is much greater. As a 
result the former suffers a greater loss of weight in air. So, if their 
apparent tceights in air are equal, the true weight of a lb. of cotton, 
i.c. in vacuum, is hound to be greater than that of lead. If their true 
Tveighes. i.e. weights in vacuum, are one lb. each, a lb. of cotton will 
weigh less in air than a lb. of lead. 

265. Two Interesting Cases on Downward Thrust The follow- 
ing interesting cases should be noted carcfuUy regarding the 
downward thrust on a liquid by aa immersed 
body: — 

’ (1) A beaker containing water {5 fulTl is 
placed on one pan of a balance and councerpmsed 
(Fig. 160). Now a body L of known volume, say 

V C.C., suspended by a thread from an external 
support (not from ^e balance beam), is allowed 
to sink into tlie water, ^^liat effect bos thb on 
the balance? 

It will be found chat the arm of the beam on 
the side of the pan w-iJl be tilted down. To restore 
balance, the weight on the other pan will have to 
bo icaeased by v gra. 

The body is held bv the support and its weight cannot add any 
weight to the side. Why is the side we^hted more then? The 
phenomenon, though paradoxial, can be explained thus: The body 
when dipped in water experiences an upward thrust equal to the 
weight of the water displaced by it {o gnu). According to Newton’s 
Third law of Motion, tbc body in its rum e.verts an equal (u gm.-wt) 
and opposite force (reaction of buoyancy) on the water contained in 
the beaker. This latter force accounts for the excess weight res- 
ponsible for the tilting down of the arm. This excess weight is 

V gms.-wt. : so an equal wdght added on the other pan restores tlic 
balance. 

(2) A beaker containing water is placed on the left pan of a 
balance .and .a body is also placed on the same pan outside the beaker 
and the two are counterpoised. Now the body is suspended from the 
left book of the balance and is allowed to sink into the water. It will 
he found that equilibrium mil not be disturbed in this case. Tlic 



Fig. 15S 
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plicnomcnon appears puzzling, for »l»c nztural expectation is that 
the botiy being immersed in natec will lose some weight due to which 
tile equilibrium should be disturbed. But a little icllcciicii will 
show that the u-tpianaiion of the result is simple. Tlic reaction of the 
buoyancy, which is equal and opposite (o the buoyancy, acts on the 
water douniiards. TJie total uaglii on tins side tlic.-clorc teuiaini 
the same, the buoyancy and its reacuon cancelling each uthet's 
cflccts being equal in iwagnitude Imt opposut m dirccnon bo the 
cquilibtiiiin cannot be disjurkcd. 

2£$. Immersed and Eloatias Bodlest — 

Lee ll' represent the weight of a body immersed in a liquid. It 
will displace its own totome of the liqiiiJ of weight, say, K". 

Then if" is the upward thrust or buoyancy, which will act ta 
cpposite direction to if* wluch >s acting downwards. 

(1) If rr>fK', the botiT mil smk. 

fdj If If'mff", the body wit! float being wholly iiuutctied any- 
where in the liquid. 

(3) If the body mil float being partly iminerted in the 

liquid, die waglit of the displaced liquail, m this ease, mil be equal 
to the weight of dit whnit body ; rh« is, 

ubody float; when the weight of tlio displared liquid 

»thc weight of (he body. 

267. Conditions <il Lqnilibtinm of n rivaling Tlody 

1 The we of the floating body must Iw equal to the wt of the 
liquid dispUeed 

5 The CC of the body and the CC of the displaced litiuld 
(centre of buoyancy) must he in the same scrtical line whicli is railed 
rfie centre Utte of uic body. In cciicial ihc fotmer is abo\c the J.itter. 
For a completely immersed body, the former should be below the 
latter 

268. Thg Stability of Floatation A floating bodp at test, Is 
acted upon by iwo forces in cqudtbtiuin — (i) weight of the body act- 



(a) Elg. 1ST IM 

icrtically downwards through the centre of Kta'-hy G, and (ti) the 
of liic displaced liquid acting seriicnlly upwards through B, 
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the C.G. of the displaced liquid, otherwise known as the centre of 
buoyancy. As the body is at rest, these forces must act in the same 
line as sliouii in Fig. Iu7(fl). Tlie line jmiiing the points D and G 
of die floating body is called its centre line. 

When a body is inclined on account of any external forces acting 
on it, the shape of the displaced water changes and the centre ot 
buo)'ancy shifts to the leaning side. Now, the forces of weight and 
buoyancy no longer .act in the same vertical line hut form a coup.e. 
This couple may or may not rtstore the body to its posidon of 
equilibrium. 

(j) If the vertical through the new centre of buoyancy B' cuts 
the lino BG (called the centre line) above G, the couple will tend to 
restore die body to its portion of equilibrium [Fig. 157(fe)]. 

(iij If the ver.iical througli the new ceoac of buoyancy B' cuts 
the line BG below G, then the couple will tend to overturn the bedy. 

In the case of a ship where the inclinadon 9 is not more than 
16°, the intersecdon of the vortical through B' with die line UG is 
practicaUy a fixed point M known as its meta-cenUe. Thus, in short, 
tf M is above C, inen the ship is stable and if below, is unstable. 

[NiB. The C.G. of a ship is kept below the meta-centre by 
loading the boltora of the sliip widi ballast and thereby, the stability 
of the ship is increased. Restoring (or upsetting) moments IF x 
GA/xsin 6.] 

169. The Mcta-ccntte: — if a body floating in equilibrium in 
liquid leans on one side, the C.G. of the body and the centre of 
buoyancy of the ^uid are boili displaced in the direction in which 
the body leans, Tfie point, where the vertical line tliroiieh the new 
position of dte centre of buoyancy intersects the centre line of die 
body (i.c. die One joining ilic c6. of the body and the C.G. oE 
displaced liquid when the body floats in equilibrium), is called the 
meta-centre of the body. 

270. Densities of Immersed and Floating Bodies Let the den- 
sity of a liquid be in which a body of density and volume 
V is placed. Then when the body is totally immersed, die mass 
of liquid dispiaced^dj x F. The mass of the body=c?. xF. Hence 
{vide Art. 266), 

(1) if (d„ X F)>(rf, X F), id. if <!,>.</,, the body will sink, as 
a piece of stone or iron sinks in water. 

(2) if d,=d,, jlie body will float b«ng wholly immersed any- 
wlicrc in the liquid. Olive oil is lighter than water but heavier than 
alcohol, but by mixing alcohol widi water in equal quantities, the 
density of the mixture becomes the same as that of OEvc oil, when a 
drop of Olive oil will float anywhere in the mixture ; • 

(3) if the body will float partially immersed. A piece 

of wood floats on water and iron floats on mercury. When a body of 
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density smaller than that of a liqmd u placed on the lir|uul. it finW^ 
until the Height of the displaced tolume of the hqiiiil hecoincs equal 
to the weight c! the body, tklten the body sink* no lurihrr and tceps 
iionung. In this ca'c, if y fee the toliimo of the liquid tiitplaccil by 

the immersed part of the body. J^v=d^V ; or, ^ z= ; 


_ toluinc of the immersed part 
total tofume 


density of the btxly 
'density of the liquid’ 


271. Illostralions of the Prindpie of ntioyaney of LlcuJds:— - 


fl) M’hy Ice floats on trmcr? — It is knonn that 1 gm of ice 
at O’C. occupies 1/002 or 100 cc, the density oE ire being DIXS 
gm/cc but 1 gm of n.ateT at 0*C occupies scry ne.nrly 1 cc Hence 
1 cc oE H.atct at O'C. becomes lOO cc tthen turned Into ice aj the 
tame temperature . that u, when water freeze* into ice, ic jncrca'ci In 
tolume by about 0 per cent, ic JI of anttr at 0 ®C. becontf% 

about IS vofumci of toe at the tame temfieraiu'e. 

Hence the density of ice will be diminished in jlie tame propor* 
lioa, So, from the abote relation we get 


volume of ice under w'aeer 1 

rota] volume of Icc 12 


. IC ice mil float on water with ]] of 


it* soluine below the surface and j'f above tt 

Note. A bodv which flfuvts in one liquid tnnv sink m another 
sihich IS lighter Thus iron floats on mcrcurv but sinks in water, pit 
floats on water hut sinks in alcohol, wax (loots on water hut *ink* in 
ether, etc. 


(2) IViy an Iron Ship Boats on Wnter?— Ic is .i ucll-know/t 
fact that a solid block of iron tcadflr sinks in water, because the 
density of iron is greater than that of water: bur the nnstery of 
ivhv an iron ship floats on water lies m its construction, namciv in it* 
hollow shape ^\^Icn the ship enters ssatcr. the volume of water 
displaced is much gieater than the volume of actual iron immersed 
and, as a solid cannot displace more than its own weight of a liquid 
the ship sinks in water until the weight of the dispTaccl water is 
equal to the weight of the ship That vs, the siiip is immersed w 
sucli a depth that the weight of the ship with its content* (ic. the 
engines, cargo, passengers, etc,) is balanced by tlie iipwatsl thrust 
or the force of buoyancy of the dispbeed water. 

272. The Carrying Copacity of a Ship:- The carrjins capacity 
of a ship is determined bv the tonnage which is found by taking 
the difference of the weights of water displaced by_the empty 'hip 
and the fullr loaded ship. The weight of a big ship with ifi in- 
tents often comes up to ds.OOO tons. ie. tk*r.(XX) ton* of water will be 
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displaced by the vessel when afioat. It should be remembered that 
the depth of immersion of a ship is less in sea-water ’titan in fresh 
water tecause the density of sca-watcr k a Jitdc greater than that of 
fresh water, and so, in order to obtain the same upthrust, a smaller 
volume of sea-water must be displaced. Thus a ship can carry more 
cargo on sea-water than on fresh tvaicr. Now-a-days, according to 
law, every ship must bear a mark called the Plimsoll line, showing 
the limit up to tvhich it is permitted to 
immerse in sea-water of normal denary. 

273. The Plimsoll Line:— This k 
a mark recorded on the ade of a ship 
shewing the limit of its immcidon in sea- 
water in lawful loading. The letters I—R. 

(which stand for Lloyd's Register) arc 
often used to indicate this line and they 
signify that this safe-loading line is con- Fig, lea 

sidcred reasonable for the particular ship 

by the Lloyd's Insurance Company and the fact is recorded in Lloyd’s 
Register of sliipping. The line is named after Sammuel Plimsoll 
(1824—1898), a Bristol M.P. who initiated the law in the P.arliament 
to stop the over-loading of ships. Tlic enactment of such a law was 
considered necessary at the time for it tvas found that dishonest 
owners often sent to sea old vessels loaded very heavily after insur- 
ing tliem for large sums and profiled by the disasters that followed. 
The sailors often called such ships, ‘Coffin ships’. 

It is relevant here to take note of two expressions which are very 
much in use in tliis conncaion. A ship ‘drammg SO ft. of water", 
means that 80 ft. is the distance from its keel to die water-surface. 
‘Heater line aretf means the area enclosed by a line drawn round the 
ship along the water-surface. This cross-secdon is not the same 
all the way down, for a ship tapers towards the keel. Tlie change 
in the 'water line area’ botverer, is not much for some distance 
above or below the Plimsoll line and so is not often taken into 
consideration. 


Example. A sca-painji »iip (toUAout earpo) draict SO ft. of water. If its 
teatCT line area ii IS, 000 tg. ft. vihat load toSl mal-e it draw S3 ft. of vattrl 
[Sv- O', of aea-veteTsJ-SS). 

Extra volume o£ water to bo displaced 

= 15,000 (22-20)=lS,OOOx2 cn. ft. 

Weight of extra water to be displac«d=lS.OOOx2x62'S ibs. 

Tho weight of sea-water Ui be displaoBd=15,OOOx2x62'Sxl'25 lbs. 

• T,„j-1 5.0«>X2 X62-5xf a5 

2240 

= 1046'3 tons (apptoxunafely). 




INIXUNtCClATB niTSKS 


^3C 


IT4. Tl)c FloaHnj; Dock i-^A iluaiing dock {Fig. 150) contains 
•air cbanibcrs in its base. When ihe same are full of water, tlie dock. 

sink* if» a line such 
as AB, say, anti the 
vessel tloais, as 
sliovin in the Kgurr, 
As the water is pa* 
iliially nuturccl out 
of the cbamucis, the 
dock rises until 
ftitally the (loot of 
I'lg IS^Tlie CJeatine Uoek. iho t^ock it clear of 

w atcr. The ujtviwuil 

due to the tiater displaced balances now the total weight of dock 
and ship together, 

Eumplc. TH ei a tuy {>ntr is ^irtn as ChCfO Mi tr^et nu«l 

it <Ae «o<«;ne 0/ a foiitiM Joel. trAirA t»iW Ae eilt le njrptTC sC r (5n. or. 0 / 
SIS vattrmi l/JJ I 

Ttin vulum« at ths (loek tnvtc b« tqaU to tb« volant o( trs vster t^tighlBg 
M,0W3 tens.,! e,. [W.000x2,24Q> lU 

1 CO (t of fut« «si«( w«igbs 62 5 lbs. 

Thoort ot I «« (t ur.ra«»l«t®«aSxl<325 »>s 

Volume reqii.re.I= -8,S7,81U eu ft (orptotinaiclyj 

Oi&XltBS 

275. The rrlnclpic of a Ufc-belt It is known that a piece of 
marble can be made m float when tied to a suitable piece cf co.-k. 
Thus bodies heavier than water can he made to float by being tied 
up to lighter bodies of suitable sire Tins embodies the prinuyle of 
the hie'bcUs, which arc found m steamers and ships 

276. Stviinming ; — It is an art of moving in water keeping the 
head out of the stirlacc of water TTwugh the human body n lighter 
than water of die same toliimc .-ind will float, the head is hcaticr and 
tends 10 sink in water The secret of swimming, therefore, lies in 
keeping tile head out of water by tlic movesnent ol hrnli.v It is much 
■easier lo svim tti sail Mater than rn fresh water, because the density 
of salt water beir}> grcaicr, less force 11 required to prevent the btdy 
from sinking. 

277. The Cartesian Dive* s— This is a hydrostatic toy inventcl 
by Descartes The principles of equtblmum of a body /(ocimg >n 
■a ii(]uid, ircnsniisstoM 0 / flihd pressure, end com/iressibifily of gatet 
are demenstratrj try «f. 

Tlie diver is usually a small Imllovr doL haiing a tubular tall 
communicating with the inside and open at the end {Fifi- 
some eases the doll is solid and is attached to a hollow ball Jiaving a 
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small opening at the bottom (sbomi on the ligbj of the jar), so that 
the tsvo togctlier can float in equilibrium. 

The diver is kept in a tall jar which is 
nearly full of water. The top of the jar is 
dosed air-tight by means of a sheet of rubber. 

The diver is partly flDed with air and partly 
with water, the total mass being sliglitly less 
tlian the mass of water displaced and so the 
diver floats partly immersed in the water. 

On pressing the nibb& sheet by means of 
the fingers, the diver is seen to sink down and 
on releasing the pressure to rise up again. By 
keeping die pressure on the rubber sheet con- 
stant, the diver may be kept stadonacy at any 
depth. 

Explanation, — When the rubber sheet is 
pressed, the volume of the air below is dimi- 
nished ivhcreby its pressure is increased. This 
pressure is transmitted through dtc naccr to die 
air inside the diver. As a result, the volume 
of the enclosed air is reduced and so on 
addidonal quantity of water enters into the diver through the opening 
whercbj die diver is rendered heavier than the displaced water and 
so It sinks. When the pressure on the rubber sheet is released, the 
air inside the diver expands driving out the .additional svater and .the 
diver is rendered lighter and so it rises up again. 

If it sverc possible to make the diver sink to such a depth that 
the liquid pressure at that depth is too great for the inside air to 
expand adequately on the release of pressure, the diver will not rise 
up again. This aspect of the problem has been matbemaiicnlly inves- 
tigated in the worJted-out Example No. 9 at the end of Chapter XII. 

N.B. Most /Js/ses have an air-bladder helotv the spine, which 
they can compress or dilate aj pleasure and thus can either sink or 
rise up in water, 

278. The Submarine It is a small sly vessel commonly used 
by die military navy. It can float mi the surface of the sea like an 
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ordinary sliip or sink when necessary and reappear on the surface 
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m ^hich it norLs is similar {o that o( the 
sessel is supplied with larRC ballast unlj T 
ffig. IGI) both in tlic stem and botv, uliich can be filled v'ith water 
When "ater u talen injo Uie tanks (nhicli arc protided with trap- 
doors), tlie weight of the boat is to increased as to make the \csse) 
sink, and ihc tiatcr is pumped out of the tanks by pumps worked by 
compressed air, the ship is made so Il^ht that it rises to the surface. 
Thus by emptying or filling the tanks, the mats of the ship vs so \a.ied 
ttnd controllea that the ship is made to rise or sink as desired. 


The act of filling or emptying die ranks is done scry niiickly. 
hroreoTcr, the ship can be kept steady at any depth by the help of a 
vertical rudder R and other bonzoiitai rudders nut shown in the figure 
A Coriniwg torrer C, in which a periscope is fittetl, always prujccis 
abote the surface of the water so that objecis lying on the surface 
of the water may be viewed from within the boat. 

279. The Density of Icet—Tlie density of ice can be determined 
l^' preparing a mixture of water and alco^io! in such a proportion 
that when a piece of Ue ts placed in It. live tee will neitliet sink nor 
float but will remain anywhere niihin the liauiJ being completely 
immersed [vtde Art i<0(2)] Tlie density of Ice is then equal to 
that of the liquid mixture, which can be' found out by means of a 
hydrometer (tide An 2S1). Jis v.iluc m about 002 gm per c.t 

280. The Densifj ot Wood, W«\, cic. bj Floatation t — Tlie 
densiiy of a solid hating some regular form can be determined by 
the inetliod of iloatauoa if the solid is lighter than and insoluble in 

water Take a cylindrical block ol wood H 
whose length is I cm and whose area of ctuss sec- 
tion IS a »q. cm (Fig 1(22). 

.. The volume of the block = fs cc aril the 
weight of she block = /ix<f gi.-ttns, where tl is the 
dcnsvty of wood . , (1) 

Float the block vertically in water and mea- 
sure ihe depth (h cm) to which it sinks Tlicn 
the volume of water displaced hs cc. 

.'. The weight of displaced waier=/ji Kramv 
( ' the density of vvaicr is 1 gram per c c | and 
i weight of the'Woek according to the law of floaia- 



Fig 162 


j h length immerser' t. water 
~ 1 “ total leti'*h 

N.B. TI:r method applies to other tnalena)s eiso, such ot tr«3 
fc, -which are noj afjectej ftv lofller and can be evi in regu’er form 
as mbe or eyiifider. Only a rnefre scafe is sufficient and i 


balance is imnecesiirry in Sim method. 

Ciamples. (1) A hoJlov ftoTI *« en •nKmnl d“>< 

arut on teltrAoi iliimtlrr of SS tn*. H U fouAil jm! to flcKt «R 


0 / /. 
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■deneiiy cj the material of the hiil. (The volame of a tphere varies as the cube of 
the dxamettT.) {C. U. 1328; Dae. 2933) 

Let l'’ = ro!ume of the sphere, and ff=diameter of the sphere. 

Then Veed’ ; ■ F = Kd‘, \ebera f is a eonstant. 

The internal volume of the hollow ball=i:(10)’=1000 K c.o. 
and tile external voliane=ir(12)‘=1728 £ c.c. 

Tile volume occupied by the aetoal mateiial of the ball 
= 1728 AT-lOQO £=728 K c-c. 

As tlie ball is Inuud just to float in water, the mass of the ball=the mass 
•of the displaced water=voloine of the displaced watcrXdensity of water 
= 1728 Kxl = ^'i^ £ gms. 

The density of the material of the ball 

mass of the ball 

'^volume occupied by Che aetoal material of the hall 

(2) ffifsn o body i which weighs 7'SS gns. in air, IrV! gms, fn waltt and 
S-SB gint. fn anotAer S; coforfote from (kite data the density of the body 
A and that of the fijuirf B. 

Wt. of A in air=7'55 gms.; wt. of A in waUc«5T7 gms. 

Wt. of the aamo volume of watcr=(7'55— 5'17)=2'56 gins. 

Scnce, volume of £ = 2*88 c.c. Deusily of b 8'X7 gins, per c.c. 

loss of wt. of A and 5=(7'55— 6'3$)=1'20 ems. 

H»co, 1‘20 gms. is the wl. of B whose volume is the same as that of A 

which is 2'36 c.o. ,*, Density of =0^ gm. per c.e. 


12] A sphere of iron is plaeed in a vessel containing mercury and water, 
find out the ratio of- the volume of the s^ere immersed in water to that immersed 
in viCTCurji. (Dc7!«ifyo/inercufy«/S-6; density of «>on=7-Sj density of «cflt«r=i,) 
Let F, c.e, be the volone of the sphere immersed in mercury, and F, c.c. 
the volume immersed in water. 

Then, the wu of disi^aced iiictcTiry=Fxl3'6 and that of displaced water 
=F,xl. Kow, wt. of Jisplaced meicnryJ-wt. of displaced wBter=\vt. of the 
icon sphere, t.e. h',Xl3-6xr,=*(V,+Fjx7-8! or, F, (l3-6-7-8)=F, (7-8-1). 

Hence, . 

F. 7-8-1 34 

(^) A body of density g is dropped gently on the surface of a foyer of fipuirf 
of depth d entd density g' (g' being less than g). iSAota lAoS ft will reach the 

bottom of the fijuid after a tioie, ^ * F the acceleration due to 

gravity. [Pal. ISSI) 

If OT be the mass of (he body, the vblaine of the body=m/g, which is also 
: the displaced liquid. So the weight of the displaced liquid 


= XS'^F, which is the upthrust acting on tho body. 


The force tending to bring the body down in the liquid=mg, the weight 
of tho body, and the upthrust on it is mg (g'/g). Henco the resultant downward 
force = nig (1— g'/Sl=w'ass (»i)Xaccelciation (/) with which it is going down the 
liquid. 
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Bai we knon that i! J W ll.e lUftaac* tn««lVii in tlm 


PW-J'J * # 18 ^') 

i*. '■’y r"”* “<»7^ riie tfensuy »/ tJit mnn i> ; /», »Aa* 0/ rofl- 

ererf <*ni 0/ «.«<», V. U-A« ,pe*,A< <,/ if aj.uj /„ tit rron «ir( Ae 

"oy jKit ;fa«| m v-sUf f 


Lit W lie the wl of fork r*<|aitej. ihe volume of eork-H'/O-St c f. 
Vclome of fnan»jl“ ce. Tbeir to«.| volume^ + c c 


nie man anJ cojk will jovi 
to the weisht of v.«l«r JiwJo 
water® (IM-f IT )/ 1 e r. and tint 


t fleet IQ water when Ikeif tolel 
eej by them Tlrnce the votun 
II e^ual 10 the total telume »( rn 

or Ir aSOTS jmi 


Mtht IS fduel 
of dttptleOd 
end cotk. 


a A pitrt of «»<(!? to tpna Am revtf oppnrtnt v'ljlil vilK a pi'ft 

If irAen tttptndrJ fren tit ynof 0/ a tafiM'e axJ immtrttti \n valtr If 
(Ae irafer 11 rejiAa'ert hy airoAof <d<R«i(y &S\, (Hi ;m mvic it adiltit to lA< prt 
/tom -vAirA thr mtlal i< tuiptodtd •/» vraer fv tflorr e-juiliittum FiitJ lit 
vtiyht of tit fffaif 

Let m.<neti of file's. o-«tp iit of (■lets end fir of the neint 

For equilifcriam ta water we Mve m- > 20 - ^ ( 1 ) 

and for eiioilibriam in elcohol rt xOfl ^-SO- xCTfl (Bl 

Jlultipljtnfi ( 1 ) by Cfl and eoUlrnclms it Iwnn ( 2 t 
mxO-lsSOxtJ-l+oaJ. o«=23«6mt 

17 ) (0) Fieri a mofA(wiol»eel »T7»»fM»e» for Ih. ifeni.ty of n mietatr. vAin |A» 
Jcneifirf and sht moefri 0/ lie con/narnU ere fiamm 

(ft) Cchvhft tht r}t:mttty of jmf grfj «a flV* >im» of M irffriy of gold and 
oop^r of dtntdy IC [Dinnly of gold^io. oed that of rrrpjwt^i^ 


(a) Let m, and *1, be tho m»n»s of lh» coiaprmerli and •/, and d, thrir 
retpccliro denudes, and Jet d be the iJemity of the miitnrt. 

Tlien, the .olurae 0/ the roi»ture= +-^') svnlnme of the 
component!, wtene# d can be ralrntated 

(l<) I( ov groa. be the m«i of pnro goM in Ih" alloj. the mast cf eepper 
-.(lOO-m) gms. Kow, volume of the alU.y=*^: voj of RoH-^. end vnl. of 


wbrnirc 


(S) .t talid di'fhtri 
rtt dtflertnt ligutift. 
•med aj tjuad ro/usiej 


of the efontati ihnt ttfutdt. 


in o fiitztuit 

{Pat. fJfiT) 



ABOBIMEDES’ FRINCJFI.E 


241' 


Let V be the ■volume and d the density of the solid, let d,, d., and d, be thq 
densities of tho three lir^uida. 

When a body floste, its ■volnmaxits densitysitho volume 
of the liquid. We have, {«) rii=K/2x<f,J or, ‘^,=2d, 
or, (fj— Stf, (iV*) Vd=V or, d,=4“. 

The mixture is formed by takiiig, say, o e.c. of eaeh liquid, then the total 
vohime=i3« c.c. and its total mass=u((i,+ifj+<i,)ttV(2tI+3i+4ii) = 9ud. 

Density of tlio mixtare=..^? .= ^ =3d. 

Now if X c.e. bo tile volume of the mixtare displaced, wo have Fd=a:x3if. 
Or, x= K/3, t.e. it displaces 4 of ita volnnie. 

281. The PrincipJe of a Hydromefer: — Various methods arc 
given in Art. 287 for the accuiatc dctecitiination of the specific 
gravity of a liquid. For commcrdal purposes we need a method 
which .should be simple and quick, altliough the results may not he 
very accurate. For sudi purposes instruments, called Hy^romciers, 
arc used. They depend for their action upon tlte principle of floata- 
tion ; the principle is. "when a body floats in a liquid, the weight of 
the body is equal to the weight of the displaced liquid”. 

Thera are two types of hydrometers in use. One is called the 
Variable Immersion (or constant weight) type, ordinarily known as 
tlie common hydrometer, and the other, the Constant Ii^ersion (or 
Variable weight) type, known as the Nicholson’s type. In th'e former 
case, the portion of the hydrometer immersed depends 
oil tile deusity u£ the liquid ; the iiiimersiun is grcatci. 
the less the density of the liquid. In tlic latter case, 
lire principle used is to ^et the hydrometer immersed 
up to a fixed mark of u into the liquid, whatever is 
the liquid used. In commercial praaicc, however, 
the vanable Immersion type is used. 

282. The Principle of the Variable Immersion 
Hydrometer ; — The principle of this type of hydro- 
meter may be understood by taking an ordinary flat- 
bottomed uniform test-tube T pig- JC3) and loading 
it witii a suitable amount of sand, or lead shot, so 
that it floats vertically in a liquid. Paste inside the 
test-tube a strip of iiiillinietrc squared paper, marked 
oIT in centimetres mcasuretl from the bottom, and 
dose the tube with a cork. Now float the tube in a p; 
jar of water and observe die dqith immersed d,. 

Take out the tube, wipe it dry and float it in a (ar containing a 
diflcrent liquid. Again observe the depth immersed d^. 

Let W be the weight of the hydrometer, i.e. the test-tube with 
load, a its area of cross-section, and p the density of the liquid ; then, 
since tlic weight of the hydrometer is equal to the weight of the 
displaced liquid in each case, 

we have iF=(7xrf, x l=«x<f, x p, or p/1 {or sp, gr.)=:dt,/d,. 

Vol. 1—16 



immersed Xdensity 

(ii) F(I = 7/3xa, 



inches 


> TIjc expcrimcri raa be laricd widi different Amounts of lead shot 
m the lubes and a graph can be drann with d, and d.. [For the actual 
type of variable immersion hydrometer and its use vide Art. 287(2)] 

EMinpkt (1) TAt oJfiaaotfT u 1015 ft, e.e. and iKt rfriuily 

of le; •« van jm. ft, e.t t*ni «-Aat partiam of a» vfUtg ii oiiWe abort uJ 
uaitT tatjuct, uAcn rt tg gn tto-vattr, and vhtn »n jrttK mttr {VlLal, ipj)] 
' Ltt i tie tlia solume o2 ice ImntRed. anl I' the (otti solanie at ice. 

Tliec (!’— v] II the volume vrbicb ts sisible above the lorface o{ tlie I'l. 

We have, fiom Art. 270, , 

’ of cco-eater I 025 ‘ 

or I f-»v &108 J 

, ^ 

'IbcTetoTe the portion el the ice>beTg nhidi la sbore the webn larieM Si 
1/9*5 of the tout voIuoia 

la fiesh water, the density el sibirlt is 1 (ra. per e e , ere h*\e 


r_ 


4-frOtr <rc«8j I , 

— — p -.jj (w^.) 


(f) A sarvibfe <nni<riien Aydrtmtle, 14 pftpoftd by taking a tt4l lull K 
evii, ftng end S <*ni, tnde J'Ai ttit-tubt uAieh •* Dievined r# tier* a vntftm 
troti iieCion it ictightd viiK a fttt ItoJ thuli re molt <t fioeit vjmyht A narreu 
^act ef fiofli pnprr ta ■putht.d inte (Ae teat tut< te Itrii oi a iteft, Tkt <»!« M 
<Aen ptaetd m glyttfmi of e?eei/e graiity US end titn it ir pleeid in veiir 
rA» aeaU neding vAieA mereoee* upirerde, 14 t ( tint for lAt Ititl «/ In, glyct 
Tint ivr/tet and gS rrru let tkt l,\,l 0/ rAe veter tutfect TAe ttelt rteding, 
vAea Me <eii*tii5e. 14 plnrtil •* e eeiution 9 / eepfit tulphate, u eml. irAei w 
Me ipeeijit graitly «f Me latter f 

Tv*t I* be the volume of the portion of the teal lube leW the aero raark 
end t'' the volume of 1 eia of the tulje 

Then in glyceriae the immersed sol«me»(t*+l 6f*'J ee 

The upthrust in jly«rme«wt. of thm Te3uiiie«l25 (P+16S''J. 

Sirnilarlj, the Upthrust in w«fer=l X (f+?a f’) 

Since each 6pthriut»wt of ibe test-tube, I’+ZB S'’ = l'25x ^ 

or, 0-2S I' =08 I''; or, l'=3 2r'. Anin. il S be the tp gr. Ol Ibe copper 
■alphate solulioa, S {V+?srrj-tr+Z8V'j. 

r4. 2sr* 3gr ^+28r - . s^ios 

■ I -firbl '“32I''-fasV'“67 ’ ** 

[ Note that this esatnpie t^jdatiw the ptincLjile of preparing and 
graduating a lariablc immersion type of hydrometer. ] 


r fl) Th' tlrm 0/ a common hydren 
lion eomtpondt to a ipieifie pronly 
proiify torrttponii la a poinl rinrtlg 


Iter It eefindrimr/ and Me lioArn 
0 and Me foicrif fo J g. IFbel 
nj/fmy fcirreen fAese ifirMionef 


, Let- 1 be the total length cf the sleni feoin the loweit to the liirlieet fr 
tion, er the area of crors-nection of the elem, I' the Tolnme nf the balb U|> I 
lowest graJostion and SV the weisht of the hjdjomelet. Then, 
(l'4fa)>^J-rr end J’xlSmlT 

.*. r-ffo^isr* or, 0-jrefa 
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Again, (r-{-//£x®)S— II'. where S is the repaired sp. gr. 

From (1) and (2), r>S=l-3F; or, =1'15- 

283. Archimedes (287 — 212 BX^) :— A matbemaddan and 
inventor of immortal name. He was born at Syracuse in Sicily. 
Son of a raatberaatidan-astronomer, he was a close associate of 
Hiero, King of Syracuse. He may be regarded as an ideal scientific 
worker, al'vays occupied with thinking on his problems. During the 
Roman invasion of Syiucuse in 212 D.C, it is said the soldiers 
entered his premises and challenged him. St that time he was 
brooding over a geometrical figure drawn on sand before him and 
he had not time to reply. Just before he was slain, he called out to 
the soldiers, “Kill me bu.t spare my figure.” Once Hiero ordered a 
crown to be made for him in pure gold. '^Tien the aown w-as 
presented, be requested Arcbiracdcs to test if it was made of pure 
gold {of course svithout causing any damage to it). This put Archi- 
medes to restless thinking. One d.ny while he was bathing in a tub 
of tvaier, it is said be fdt a loss of weight of his body as the svnlcr 
was displaced. At once the idea crossed his mind that a body 
immersed in a liquid loses a port of its weight Subsequently, he 
found this loss in weight to be equal to the weight of die displaced 
water. This enabled him to find the volume of the crown and 
calculate iu density and compare it with that of a piece of pure gold. 
It is so said that ke jumped up from the tub in ecstasy of joy and 
rushed out into the saect, naked, crying, “Eureial Kiireftol” (/.<?. I 
have found out, I have found out). 

The followine statement on the lever is another famous story told 
of him. He saicb “Give me a place to stand on and I will move fho 
earth." In tesri£)Tng to die trujli iu it in presence of Hiero, be 
applied one end of a lever m a $h^ and wltilc die other end was 
lighdy pressed upon by Hiero himself, the ship moved into the 
water. 

His name is connected with many inventions in Machines. 
Mechanics and Mathematics. The pulley, the windlass, the Archi- 
raedian screiv, hydraulic and conipr«scd air machines are some of 
diem. He is said to have used the concave mirror for the first time 
to focus the sun’s rays for generating heat at a point. Besides the 
principle of buoyancy and his work on floating bodies he also 
discovered how the circtimfcrence of a circle could be calculated and 
his method gave the number later designated fay the Greek letter it. 
He also developed the Conic Sections and die concept of Infiaity is 
due to him. 


Qoestioos 

I. Explain how .Arcliimcdos* princnple irav bo usod to distinguish n mctnl 
from Its aUoy. (C. TJ. 1322, '26; c/. Pal. 1953, ’52)' 

[Hinls. — Detormino the density of the alUw and compare its value with that 
of the pare metal.] 
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2 \\ hy ii It vaster t© lift a heavy atone luuler vsler iJian !o ait ? 

lU U. 1QS7) 

5- A fontaimns «Her weighs 300 gws . anJ a incro ot luelal »hose 

vxliime IS 10 cc. anJ mass C3 gmi. is immencO lit th* water, U-ing •uspende,! 
DJ a mie tnrvul. I ind («) the upward force which rnuit he uimhpil to the 
thread to support the jiivtal, anil (£) the apattd force necessary Id support Ihe 
leaker. j t\ 

{•for. [e) ”8 gjiis..wt. , (4) 310 gins -wu] 

4. A Task sihcii full of viairr weighs 75 gms.; when full of niemiry of 
density 136 gras- iw e e. it weipha 705 gins, and when full of sulphur- - ’ 
" ' ' 1 llT^gms. hind Ihe density of the ocid ii\ II 


“'■fS 


lajg 


r1 


(IJ. U. 1952) 


5 Dcacniw how jou will dstemiiie expenmentsUy Iha drnsiiy ef a metal id 

the foriB of a long wire of sbool 5 metres lo length (Tsl. 1 D 2 | 

[lllnis.— Measure the diameter and henre the radius ef the wire ly e screw 
RftUje and measure the ivreth Volumes grV. HViph it m n hstanre hy tumirs 
the wire into a coil o| seTeeal turns. Thsfi dvosit) -msse/iBlurBe. 

The velum* ean also be d«te>mined by the mclhed by diiplseement ef walcr,] 

6 4VIicn two equal voltimts of two sulniseicei art misril tntKtlier, tlis 

ip gr of the mixlare ts 4 But when equsi wvifihit «t the same substanees are 
mixed together, the ap gr of Ihe euxluro is S. Find the an gravities ot the 
two itibatincei (Utkah 1954) 

[<fne 6 and 2] 

7 The (leneitiss ni three liefuids are in the lalie of 1 2 S IhTiat will I* 

Ihe relative deDsitiei of ir — -■ — ' ' 

waights 

r Ins 11 9] 

3 block eif wood of rectiaciilar section end 6 cro deep floats in water 
If Its dessity is 06 gm /cm hew far below the surfece is its lower face* 

What waizht plaeod on the upper surface ef the block >s needed to sink it 
to a depth ef 5 cm , .f its aiea is 120 cm •• 

[Ant 36 cm , 163 gen } 

9 ITnder what cceiililioii* do bodies flost or Sink in s h<iuiii* piece nl 
iron weighirs 2<2 gmi flosls in merenry el •leoiilr 136 with Itha of im vuliimc 

immeiseil. Dctecmuie ifin viilaioe and density of icon 

(C U 1930. rf. Dac 1927, '29) 

rilinls.— Let the lolume of the iiwn piece b* se e c Thim Ir c c tuvulumo of 
iron pifcw iniiinwied m mrrriiry = vvluinn of mercury displaced by the iron piece 


e made by combining (o) cniisl vnlumrs. (3) canal 
<Gaa 1051, 0. U. lOM) 


Then Ji 


= 32 . 


c , anil denstts - 


e"'*' rrr 
Boating Wy App’v 


c] 


10 tliscuw the •tnbihly of cejullibrinm ... - „ , . . .... 

results lo the case of a unirorm ajdiere of weed flraim}; on wsicr (I'M l9tT) 

11 Stale the conditions of etiuilibnoni ef a Coating body and eiplain what 
IS meant bv mrlnernfre. Discuss, m pmrml lenns. the qac'tion of ilahilily ol 
floatation. Why is the hold ol s ship generwl'y loaded with ballast' 

A flat boat is 20 ft hr 30 ft i» srrs. How much will it bo lowerd when 
earning s l-lon automobile! 

[ylite 0-72 inch apiimx.] 

13 De*cnle the •Cartesian direr' and eaplam lj>* it acts I*® 

any modem siipliaBce which u based on UvU y«i«cxple7 (L. U. IJoJ. -oi 

14 The spes-ific gravity of ic. uTOB virdi 

3Tliat is the total volume of *a iceberg which floats^wdh cubic wH 


(C. O. 1932, Tsf. ISK) 
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[Hints.— Let F colic j-aids bo the ioUl Tolomo of tlie icc-betg. Volume 
ndor filter = (r-700)' cu. i-aid*. The maffi of tlic icc-berg = tFx27)x62-5 


_ /.Volume 

= (F— 700) cu. ysirdsl 

XO-918 lbs.] 

The mass of fho sea-xrater displacedr-(F— 7f)0)x27x62'Sxl'03 lbs. According 
to the Ia^^' of floatation, Ute mass of the floating b9dy=ma5s of the displaced 
liquid. .-. (Fx27)x62-Sxfr918=(F-700)x27x^5xl-03; or, F=6437-5 cu. yds.] 

15. You aro provided wiUi a hollow glass tube of tiiiiform cross-section 

with a bulb blown at its lower end, and other necessary materi.ils. State bow 
vou will proceed to conslruct a comtnon hydrometer and explain how vou will 
graduate it. [See alto Art. 287(21.] (Pat. 1944) 

16. Two bodies are in eqaiUbtinm when suepended in water from the 
arms of a balance. The mass of one body is 28 gms, and its density 56 
gm5./c.c. ; if the mass of the other is 36 gms., what is the density? (Pat, 1028) 

[Ana. 2-77 gms./c.c.] 

17. 1 O.O. of lead (sp. gr. lf'4) and 21 rtc. of wood [ap. gr. 0-5) are lixed 
together. Show whether the combination will float or sink in water. 

( 0. U. 1933) 

[Hints.— Mass of 1 c.c. of lead=ll'4 grtui.t mass of 21 c.e. of wood=21x0'5 
aid's gms. The total mass of the combination=ll'4+I0’6B21'9 gms. 

Tlieir total vQlumcs21+l=22 c.c. So the combination floats with 21’9 c.e. 
of it being Immersed In water and keeping the rest («.e. 0*1 c.c.) above the 
suifHCs of water.] 

18. Show that a hollow sphere of radius R made of melsl of sp, gr. S will 
Seat on water, if the thii^nesa of its wall U le» than SiZS. (l^ag, If. 1959) 


CHAPTER XI 


SPECinC GRAVITY 


284. Dcndty and Specific Gravitj-: — ^Thc density of a iii&iffltict? 
is its mass per unit volume, i.t. its 


density s 


mass* 

Volume 


The specific gravity of a sti&sf<i«ce ts the ratio of the tveight 
any volume of the substance to the weight of an equal t^oiifmc 
water at d*C. 


Sp. gr. of 


substance = 


Wt. of V c.c. of tire subst.-in co 
Wt. of V cc. of water at i'CT 


of- 

of 


Mass of V C.C. of the substa nce 
Mass of V C.C. of water at 4‘C. 


Mass of unit volume of the substance 
Mass of unit volume of water at 4'C. 
Density of the substance 
Density of water at 4°C 


* If the mass of a body is nnifoimly distiibnled in Iho volume, the density of 
a part of it is the same as the deimty of the body M a whole. Ordinarily, the 
density of a snbsUnce is experimentally delermined by taking a portion of it- 
assummg (lie deusity to be Dntfonn. Tb test if the density is uniform, experi- 
ments may b« carried out by taking samples from the different portions of the 
substance. Tf they slightly vary, the average density is nht.ained bv findiiig the 
arithmetic mean value of the several densities determined. 
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So, tlie spcafic gra\lty of a tubsance is rcaUj a rfiative density, 
/.<•. Iis density relative to that of vater at -I’C. 

Note, (ij Specific gravity is n.p'rfssed as a salio', it expresses 
the number of limes a substance is heasicr than an equal solutrtc of 
v.atei at 4*C. 8oit is a pate ttinnfatT while density, which is the 
mass per unit solumc, is not a mere ptunber /letistly inujt Itr 
expressed tit some uinl, say, iu gTiifMS prr cubic centimetre, or i« 
pounds or ounces per cubic foot. 

fn) We iiiav speak, of mass instead of vdglil in defining specific 
granty, because the rjlio of too masses is esjtiai to the ratio of their 
weights ai the same place. 

26S. Rtlatian betTicen OcRsity and Specific Gra\ity in the 
Two System of units t 

(#1 In CGS. units, the density of Hater at 4’CBthe nia<s of 
1 cc, of Hater ay 4*C=1 gr-ntn per c.c. 

Since 1 cc nater weighs 1 gm. the sojurue of a siibsianre in 
c.c. is ntiincncally eipia! to its mass in grams So the tfensity of a 
stil/slaitcc may be untien in C.GS. units as follons: 
rj Afais of the l ubvtance 

* Volume of the substance 


Mas.s of the substance . ,, 

“ Wass of an"e<jua|solumeof water’ *"*'^***^“ 

But the ratio of the masses of tno bodies is the same as the raii> 
of their weights. Hence, when measured in C.G5. units. 

_ weight o f a body 

“ we'ight on an etju.il solume of w.aet 
* specific graiiity of the body. 

Therefore, the density of a suhstaiict- 5n C-C5. units Is numeri- 
cally ” ■' '* "or example, the density of lead 

in C rc and the ip. gr, of Jea 1 

. , jerc.c 

(b) In FI’S units, the densi: of water 4'C=the mass of 
1 cu. ft of water at ■4’C=625 Ife u. ft I' .ice *p gr of a siil<- 

tance=r the density of a subsianre^dcnsliv 

ticn.Mty of watcrat 4 C. 
oF w.ster .it 4’Cxsp. gr of the substance. 

So. the density of ii substance In F.P5. nail* (lbs. per co. ft ) 
is niimerirally equal to 62-5 xsp. pr. of the sulistance. 

For example: (0 die density of lead in F.P S units U .00 poum s 
^ TOO IH per cu ft 

per cti ft. and the sp gr. of per'em ft” 

(u-) The clensuv of iron in CGS units is 78 gms per cc and 
ra.iss of 1 c«. ofiron _-q 

.i. .p- g,. o! ..on - , ■»- 
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And since the denary of iron in i 

, , , . mass of 1 cu. ft of 

then the sp. gr. of iron*= 


487'5 lbs. per c 

487-5 

of 1 cu. Il of water 62-5 


„ ^ . density of the substance 

(c) In CG.S. nnits, ^p. 

_pgms./cx. 


In F.P.S. 1 


1 gai./cx:. 

density of the substance 
’ density of water at 4“C. 

_ ^5 X fc ^ 

” 62-3ibs/cu.ft. 

Thus sp. gr. is the same in both the units. 

The relations bettveen the two systems tviil be clear from the 
followUig tabic: 


System 



Metric (or C.O.S.) 

Sritisb (or F.P.S.) 

X gms. per c-c 

62-5xi Ibj. p«r CO. ft. 

■1 


286. Sp. Gr. of Solids: — 

(1) By Direct MeasiirmcDl. — In the case of a solid haying; 

some regular form (e.g. rectangular, spherical or c^’lindrica]), 'th6 
voluinc of the solid can be calculated by measunng its linear • 
dimension. The body is then weighed. Let the weight of the. body 
be IT-' gm., and let its volume be V cc, then 
densitv of the body=^ir/F gm- per cc, 
andsp.gr. =sWjV. 

(2) By the Hydrostatic Balance;-- 
(a) Solid heavier than wafer. — 

Lee the iveiglu of the solid in ai^=^F^ gm. and 

the uT. in water=II'. gm. 

To take the w«ght of the body in water, it is 
suspended by means of a fine thread from the liook 
of die left pan and made to sink completely in 
water contained in a beaker ffig. 164). Tlie beaker 
is placed on a small wooden bridge, which is put 
across the pan in such a way that the bridge, or the 
beaker, docs not touch any part of the pan of the 
balance. 

.The ivcight of the same volume of water as that 
of the solid = (II''j-lF.) gm. 
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' . ™ ^ wt. o! ihe lx>dyiiiatr _ H' , 

•• ‘P- iJ'"” WitTof an iqwalxoluineoC water " 

(b) Solid Hgliter titan vvalfr.— - 

Let llie weight o! tlie solid ii» airs^ll', cm 

TaVe anudiec heavy body, called a jinter, sucU lUal ilic two tied 
logetlicr may sink m water. 

Ia;t the weight of the solid anti «nkcr both in «attr= gin . 
and the neiglit of ilie sinker alone in »a[cr= 11 ', gm. 

ITic weight of solid in air+thc weight of tinker in water 
— the weight of solid and suikci m watcT»ujiwaid thrust bv ViStet 
«=the weight of svtfter whose soluroc is the same as that of the solid 
»;iF.+ir,-ir,)gm. 

Hence. Sp S'- " frir’- 

Othenvlso thus;— 

wc of the soled 111 airsll'j 
' tvt, of iohj in air+sinkcr in natcr»lf'} 

nt. of solid and sinker both in waters* If', 

Ht of Hocer displaced by solid => H , - 

,, - W’. 

Hence, Sp gr - • 


(c) Solid soluble in nsler. — The specific- giavity of a solid 
soluble in water can be found by imtncfsmg the solid in a liquid of 
tuionn spcciAc giatlty in which tlie solid is insoluble 

Determine the specific gratiiy of die solid relaiuc to the liquid 
Then the attuai spenfe groviiy «/ the so/nf n.t|l be obtamrd by 
multiplying this Value tnih the r^wi^ gravtiy 0/ the liquid. For 
we hate, 


Sp gr of the solid 


Weig ht of solid in air 

wwgKFoftbcsalneTonrme of water 
weight of soli d in ai r _ 

weig ht of the same t olutne of liquid 
* weight os the same >ol\inic of water 
wesKht nf solid in air 
' weight of the tame volume of liquid 
K sp gr. of the hqui'J^yp^fJ’' * 


where ir,=nt. of solid in air; of fohd in the gi'cn 

liquid: p =sp. gr. of the hqind. 
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(3) By the Specific Gratify Bottle. — It is a glass bottle fitted 
iridi a ground glass stopper hating a narrow 
central bore. The bottle is filled to the top of the 
neck with any liquid, and jhe surplus liquid over- 
flows through the bole in the stopper when the 
stopper is pushed into its position pig. 165). 

Shake the M.rtle to remore air bubbles. The 
bottle holds a definite quantity of liquid. This 
botllc is used la find oitl the speci/ic eraoily of a 
solid in the form of powder, or small fragiitettis, 
and of liquids also. 

Let the weight of the empty bottIe= Wi gm. 

The weight of the bottle -f powder put inside 
= If'- gra. 

.'. The Aveight of the powder=!(irj— Ih',) 

gm. 

The weight of the bonle+powdcr-bwatcr to Fig. The 
fill the rest of the bottlcsa lF,gra. Specific Gravity 

Now pour out all the contents of the bottle Bottle, 
and fill it up with pure water taking care to remove any air bubbles 
from inside. 

Let the weight of the bottle when full of water=TT'^ gm. 

Then the weight of an equal volume of water as that of the 
po\vdcr 



Hence, 


If- -IK, 

®P- Sf— ' 

NJB. To determine the specific gravity of a powder soluble in 
water, a liejmd is taken iu wliich jlie solid 
docs not dissolve or diemically act. Then, 
the sp. gr. so found is multiplied by the sp. 
gr. of the liqiud at the obsenied temperature. 

(4) By (he Nicholson’s Hydrometer. — 
His is a constant immersion type hydro- 
meter. 

Ir conasts of a cylindrical hollow vessel A 
to which is attached a thin stem B at the top 
of whidi there is a small scale-pan C (Kg. 16G). 
Below die vessel is attached, by the curved 
mctalUc hook D, a conical pan whicli is so 
weighted with lead shots or mercury that the 
hydrometer may float vertically in a liquid. 
There is a scratch mark on the stem up to 
which the mstrumcDt is always made to sink 
in a liquid. The hydrometer is placed in 
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naier contained in a glaw cjlindet. A slotted cardbootri (leit-hami 
figure) or a bent wire (tight-hand figure), is so pl.'iccd acrosj liie 
twouih of the cylinder that the ujtper pon is nrre^lcd belorc sinVing 
into water in jhe cylinder. AM the joints in the hjelroraeter must H 
made air-light. U'eicho are placed oa the upper paw of the hvdro- 
mqicr to mal.e it sink up to the mark on the stem Let the weight 
retjuired be H’, gm 

Remote the weights and place the solid on liic tippef ran. Aihl 
wtighis again on jlie urirer pan to make the inttiumcnt sink up to 
the marL Let it be ii'.gm. Then the weieht of the body' in air 

Now remose the ■ 
whicli ts in water. 


eight and place die body in the lower pan 


Again, find the weights necessary |o bring the Jiydromcicr up tn 
the mark. Let this weight be M', gm. 

Then the weight ot the body in «ater=»ni‘,-li’,) gm 
The weight of dUalatcd water -11', 1 cm 

gm. 


(Note.— it is e'iJcnt ih.at the method depends on Archimetio* 
principle If the lohtl be lighiei than w.atct, tie it in the lower pan 
and proceed exactly as aUwe ) 

(5) By Method of Flo.nlalion— [ l'«fe Art £60] 

287. Specifle fitavity of liquids: 


1 ( 1 ) By the llydrostatic nalance.— 

Let the weight of a solid bode, which it Itea'ler thin 
the liquid but which is not chemically acted upon by lt« 
IVj gm . and the wei,:dit of the solid when immersnl jn 
watct»B', gm and that when immetsed in the liquid 
= rr, gm. 

The (If'i — fl'.i represent* tire weight or a loliirne 
of liquid equal lo the loluroe of the *olid; and 
IS the weight of the same lolwwie of water. 


t'l; 167- 


Si>. gr = 


ir.-if'. 


(2) By the Common (of Variable Immersion) Hydro- 
meter. — 

Dcscriplion. — Tb» » a gUss In'Uuwicnt (Tig. ICi) 
men iiy- which floats sciiicallv in dilfcrcm linmds with a part ct 
<JreineUr j],,. alKJ^e fhe sutfcice of the liquitl. Jit CdcT tim 

the instrument may float leriicallv, the *10311 lower hu 
B is weighetl with mercury’ ®f shots- The weight of the hqm 
displaced by the hydromerer i* cqiiA to the weight of the V'‘ 
itself, whicfi i» always constant. B«t nia$Si=ioliJine xdensity , lit 
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mass being constant, voliime is inversely proportional to den^ty. 
So the volvime of the liquid displaced increases as the dens'ty of the 
liquid diminishes ; hence it sinks deeper into a lighter liquid than in 
a heavier one. The stem S can thus be graduated so that the 
specific gravity of a liquid can be read off directly. The number of 
the division on the .scale fixed in the tube, which is in level tvith the 
surface of the liquid, gives the specific graviry of the liquid, 


In Fig. 168, a common hydrometer used for test- 
ing the sp. gr. of accumulator adds, etc. is shown. A 
quantity of the liquid is drawn up in the outer casing 
by dipping tlie lower cad of jhe hydrometer into the 
liquid and then pressing the rubber bulb when some 
air will be forced out. On releasing the pressure, the 
atmospheric pressure will raise the Uquid into the 
casing so as to enable the hydrometer to float. 

Graduafian of a Common Hydromefer. — To 
graduate the instrument, float it io water and put a 
mark on the stem 'vhtch is In line with the surface of 
the liquid, and similarly put another mark on the stem 
when it is floated in another liquid of known density 
(d). Let the lengths of (he stem exposed above the 
surface of the liquid in the nvo cases be I, and I, 
respectively. Then, if IV be die weiglit •md' V the 
volume of the iiistiument, and a the area of cross- 
section of the stem, we have, 

\V=[V-l,a)xl<={r-U)xd, the density of 
water being 1, 

/, = i (F-lfO.and 


Similarly, if I be the length of the sjem exposed 
ill a liquid of density d', wc have. 


- _ 1-iK 



Fig. 168 


For different values of d' the corresponding value of I can be 
calculated from the above relation and (he instrument can thus be 
graduated. 

It is so graduated that when the hydi-o/neter is floated in water, 
the scale reading is 1000, which means a sp. gr.=l'000. In another 
liquid il might be 1210, i.e. the sp. gr.=1^10. 

Commercial Hydrometers, — The variable immersion type of 
hydrometer is generally used in different industries for finding the 
densities of liquids, and rbese hydrometers arc named according to the 
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use to which cacli is put; for example: it i« callci! a l.iciometcr whrn 
it K used to find the sp gr. of milk (which is gcncr.nll)- between 1 020 
and 1-033), an ulcoholonuder when used lo find the (Iciisity of alcohnl. 
and a ssccharomcter to clciermine the stigar loiitent of a soltnion, 

The determination of density by means of a laaometer, lioweicr, 
is not a conclusnc test of the pwn/y o/ the milk: far. the density 
^of-aWrirtnctl milk is greater tlian tliat of unikimoiwl milk-; so Lj 
raddirg water to skimmed milk, the elensitv' “tan *lJC*TrQiipli t to its 
'normal saJiie, So the amount of fat should W dctcrniinct! atnog wiih 
the density in order to test the quality of milk. 

(3) By Nicholson's 1I> dromcicr.— 

In this experiment the principle ihai a floating; body dtiplacct in 
own sscighi of the liquid in which it is floated js utilised hy immersing 
the hydrometer each time up to the same indc\ mark in the l.quia 
and in water. 


Let the weight of the Ivydrometet he If, gtn. 
it is then floated in the liquid contained in n class c>iiniicr an I 
wnghta ore added on the upper pan to snake x sink up to the index 
mark. Let this weight be U, gm 

The totai weight of tlie displaceil liqiilils[li', -f If'j) grn. 
EimiLtrly, let {he weight rrt^uited on she upper pan to bring ic up 
to tJie index mark when placed iii I'aietnlf, gni. 

Tlic weight uf lUe displaced scatet whose volume is the same 
as that of tlte displaced IsquidBilf, gm, Tlie xolunte of 
the displaced hqui(i~(if, t<',i cc 


II'. + II , 
^ tiTTtr, 


AKcmatuc iDClhad (without iBioc 3 Halaaccl.^A piece uf solid 
is taken which is not soluble m the liquid a»d also will not react 
chemically wiih it. 


last the weight tequitcd on the upper pan Jo sink the hydrometer 
in water up to the index maik, when uic v lid i» placed on the upper 
pan be If,. 

The solid u then placed in the lower nan and let the wi require;! 
to sink the instrument up 10 tlie mark^ii',. 


Hien (If,— n’,)t^wt of ibc same soluoic of water as ihat of ihc 
solid=iolumc of the solid f- Sp. gr of waicr«=l). 

Similarly, let If, and if, be the corresjmndmg wcigliu when the 
aboTc operations are repeated in the gUen liquiii ; then 

(If^ - Jr,)»wt. of the s-anie sotume of ihc liquid as that of the 
solid. 


Sp gr. of liquid- 


j_r, 

ii','' 
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(4) By Specific Gravity Bottle. — 

Let die wt. of ihc empty botdc=H^i gm. 

It is then micd completely with water and weighed. Let this 
weight be IV„ gm. 

Tile bottle is emptied out and carefully dried. It is then filled 
w'ith the liquid. Let weight be gm. Then, 


Sp, gr.= 


IF,- w^ - 


(5) By Balancing Columns (O-w&c).— The densities of two 
different liquids, ivhich do not mix, nor have any chemical action 
with each other, can he determined hy poiiring them one after another 
in a U-iubc. 

Take a U-tubc of glass and pour Erst die heavier of the two liquids 
taken {say, mercury), and note diat the liquid (mercury) attains the 
same levd in botli the limbs {Fig. 169). Now care- 
fully pour some other liquid, say, water into die 
left-hand limb. The weight of water pushes the 
mercury down in the left-hand limb ana up in the 
right-hand limb. Let C be the common surface 
of separation of mercu^and water. Consider the 
horizontal level AC. Tlic pressures at these two 
points A and C must be equal because the liquids 
are at rest, and so the two columns AD and CL 
are called balancing columns. 

Now, pressure at A =lorcc cxcrtal on unit area at A 
=P-(-wt. of the column AD of 
1 sq. cm. base 
sP-fvolume of the columni AD 
of 1 sq. cm. base X density X g 
=P+fe,xp,xg; where P=at- 
mospheric pressure, h, = i4Z), p ,=dcnsity of mer- 
cury and g IS die acceleration due to the gravity. 

Similarly, pressure at C=P=hj>^, where h^=CL, and p^=: 
density of water. 

„ K _ Pi 
K Pi’ 

That is, the height of the balattcing columns are inversely proportional 
to the de7isities of the Jiqmds. 

In this case, p,/p3 is' the ratio of the density of the liquid (mer- 
cury) to the density of water, i.e. it is the sp. gr. of the liquid. 

-^.-' (6) By Hare’s Apparafns.— llie above U-tube method can be 
applied when die liquids do not mix up, but ■when two liquids mix up 



Tig. 169- 
The Balancing 
Columns. 
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ihe^ rnusi be kept scpatatc. asd iii that ease the fulloi>inK method, 
«hich It merely a modiricatioa of the U-tubc method descrioed aboie, 
can be adopted. By this method the tciaihe densttict of t«o liqui.tj 
can be determined hy fwiftnanj i»o liquid columns against cacli other. 

The ILare's apparatus consists of two parallel lenlcal tubes // 
and h? connected at the Jop by a llircc-tiay lulic rJ fitted with a piece 
of Jndta-rubbcr tubing B and a clip P (Fig. 170) So it is merely an 
inseited U-iube mih a side tube at tlie top. The lomr end of each 
tube is tlippetl in a liquid contained in a beaker x or y. 'Hte liquids 
arc dravin up to ilifTetent heights uben sucked through C and they 
are kept steady by tneans of the clip P Cenetally water is taken as 
one of the liquids. 

n . ^ Let ii, and h, be the heighis of the 

liquid columns, hating densities and pg 
tespeaisely. Tlit hefght in each cate it 
measured from the surface of the liqtild in 
t!ie beaker up to the lower tneniseus of the 
XWater liquhl column. I*t, 

i /'=thc atittotpherte pictsute and 

‘ ^sihe pressure of air iniicle the tube. 

ihc pressure on ibc liquid tn the beaker (yj 
+ and that in the beaker {x) 

«, + P/ and ihev arc et}ua1, 

••• 
or, 


OT-f jmwe/y as the linghls of ilia liijtiid 



Knowing one of these the other is known 

Nate. — (il It IS to be noted that though the cross-scctiont of the 
tubes do new come into consKlcratian, the tubes should I.e of motle'a- 
tcly wide Ixjte tn order to atnid the effects oF surface tension. ^If. 
howcicr, there is nnv ti‘c of rhe liquid column due to caplllaitiy, 
this should be irc.nsurcd .nnd subtracted from the cofrespondin? 
height, fill Both the tubes need not be of the s.tme bore, as pressure 
•depends only on the textical height. (nV) It sboulil be tested whether 
the lubes are tcrtical. fiy) Take die liciglits after the liquid column* 
arc steady, which wdl not be the case if the apparatus is not an- 
tight. fy] Praiv a graph with h, anti /», fnhich should be a siraighl 
line), and calculate Aj/h, corresponding w the highest |wint in the 
grajih, bccaii«c that will introduce the lease error. 


Examples. (Ij 
{•p gr tS-C] n'Xol roJ 
*K»r<ref of tnireury 


.nc nf tva of ff r/ 7 

TAt lo<rir f>’'l of tf'lA ii 
•Irr TO«r»l If jwiirrd tnir, Ik 
fmr Otie tf t r” f 
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Tho cf cross-sectloa of ti^ 'wide talw is 10 sq. cxns., and that ot the 
•narron- tube is OOl sq. cm. 


Xu Fig. 171, let A and B lie tbe origuial position of 
mcrcory levels in tbe two limbs and (7 and £ tbc final 
positions. Let G and Z1 be in tbe same borizontal level. 

Tbe volume of loereur; raised in the smaller lobe 
must he equal to the volume of (dCxUQ c.c. of water. 

£5xita ntca = d<7xils aiea; 
or, lxO-o: = -«7xlOj or, JCf= 0 fll /10 cm. 

But AC=BD. Si)=l+-|fl/10=T001 cm. 

The press, at Cssthe press, at D. 

Since, density of walcr^L 
FCxlX(? = l'0Olxl3-6X!f. 

r(7 = VCi01xl3-6=13-6136 cm. 

Tbe velums roqoiredslS'^lJOxXi^^X^lSO e.c. 



dfereury (density and a fi^id vhich daee net mis vilh teater are 
in tie limbe of a U-tuie, and the lur/acet of the mercury end the (iguuf 
are ot d and IS nme. rrepectinely from Iheir common turface.. Find the rieneity of 
the liquid. IVhat chart^c, if any, mould he produced, if the U-tule ie inmeretd 
uAaiiy in mater to that it eaten into both the fimbe of the tube ? [Pet. 193S] 


As in Art, 287(5), F+A.p.jwf’+Ajr,?, where P U the stmospheiio pres- 
sure; A, =3 ons. ; p,=l3'6; cns.; and f, is the density of tho liquid, 

p,x2S=3xl3’6! whence =1-457. 


Wbon the U-tuhe is immersed in water, the height of water in tbe limb above 
D (Fig. 169] will be greater than tlist above A; so the pressure above D being 
ercster, the mercory column will be depressed a little and tbe liquid coluniii will 
be raised up. 

288. Temperatiire Corrcclion s— Orditiarily the specific gravity 
of a subst.mce is determined relative to water at the room tempera- 
curc, but if true specific gravity is to be obtained it must be relative 
to water at 4°C. If, howet'cr, uie water is taken at the room tempera- 
ture t°C., dtc true specific gravity of the substance would be given 
by die product of the actual value of sp gr. obtained by experiment 
at I'C., and the sf. gr. of ■a.-aler at t’C. For the true sp. gr. at 4°C. 

_ weight of any volume of a substance 
weight of an equal volume of nater at t°C. 
weight of the same volume of natcr at t'C. 
weight of tte same volume of water at 4®C. 

=sp. gr. of the substance .it f'C.xS^. gr. of water at t°C. 

(N.B. — In the C.G.S. unit, density is numcricaUy equal to sp. gr.) 

Examples. (1) A pieot of meted weight 100 grame in air and SS grams in 
icnter. What icoufd it weigh in a liquid of speeifie gniitg t'o ? {0. U. 1915) 
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TW vtighl. c{ Uit >olDzn« et diS{Jmil vatereilOO— SOslS grami. 

Vulu>n« cf (h« Ijody^vohiiiie of lh« di<pU(e‘l vatctRlS c.c. 

The weight of ]2 cc ol the fi 4 tii>]ol 2 Xl‘C-IB gtanw. lienee, Iho eppirent 

weight of tlio boilj in lh» JiqaidslOO— 18^83 gnns. 

A teU tut* ia leoAtd utfA aiata ao tiat tl fionU IR olteM imntT/fd ta a 
mart On fht tuba, lit tube end tioft wigbl»f /?•/ Tit tn6j (» fXf« jiaetil 

■n vater end tieh tided to tiah it (« (Ae taint mail; {Kt lute ontf «Ai>(i nne 
ireigA SWJ t'ini tie tj^ei/Se grarity tf afeohot, {Pot ISTl) 

The wt of eiiaplaerrl atetthol ■»)»*« volume is e(|usl to Ihot of Iho lesi tube 
up la the grao i and the «( of the same solunie «f diipUeod ceiltr 

“SOS groj 

nenee, ep gf of iJeQhol>^^ a0$4 


fj) J lump oj gold mixed va/A otfier tttifii #>> giama. Tie. tpedfle fftavity 
0 / tit Ivinp U IS. Fiti tit l^otMp of gotj ta tie lurfp, iSp gt. Of sdinUfS 
tp gr of siiterBiOA ) 

Lot ir, be the ^ctEht of b»IJ to Iho tomp, onA 'V, that el In t>io 

The tolurae of grild a (T, /19-J ec , Iho tolamo of iiltefoi ICf/IO’S t f, 

Tho weight of ifitpUeed wtlw, wben IH lorep t' weigheil m wafer, i» 




The «p gr nf the lumpa 
os. 105 ir.-vl95 ir, = T70-2, 

(.)) nerroicnafnieroo 
in ualir il hit IIS pfi/nie. 

veujht of tifse metrds t/ 


sefi Cht of the fo tap 10 ait 
seeighl of ilisplaeed walrr 

Bs)d ll',+ II',=33 gnts , wh" 


&+i5S 


rttgied TO 'povndt found tint I'eirnere^d 

rAs OTom toot metfe of T^fd and tifrrr Fmd ti‘ 
■r ofgoU=tS3i tp. gr. of editt-I(f'5) {Voo. mi\ 


Lot )r, lbs be the «t. cl peu, Tf, that of silver, ihi-n IT. + n’.aSO Ihs 
The ipsciSc gsavity ol goM « WB; Iwore the .Ucflr of Knia-dO-JxS^St 
lbs per ca ft (t'e Ait 2Si) Similarly, tbo driuiiv of the ailtrr = (I05xCf5) 
lbs per cn. fl 


Tho 


Tl. toUl ol .1. " 


New the weight of the displareil waleialZS Ihi 
waters. (125/62 6) cu. ft and Ibis mm* lie eejoil to the 


vnliime of lhi» 
nf tlic tTCeo, 




JEi JTt 

19-J +10-6 


• l-ZS. 
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Also, we liave, n’,+ lr,=20. From these two equations we get, 

Tr, = 15'078 lbs. and Tr. = (20-lS-0re)=4-922 lbs. 

(5) Tht mass of an atlryy of copper and lead is 320 gms.; the total volume is 
SO c.c. Find Ike volume of each metal. {Sp. gt. of coppe>'=S'S; op. gr. of 
lead = irS]. 

Let X c.c. — volume of copper; y c.c.=Vfdnixie of lead. 

Mass of coppcr=a:x8-8 gn>.; mass of Jea<i=yxlJ.'3,gin. 

Hence, xx8‘8+yXll'3=ffiO; and a:+y=30. 

Solving these equations, we get, *=7-6 C.C.; y=22'4 c.c. 

S A cylindrical tube one metre long and one eenlimetre in infernnf diameter 
100 gms. when empty and ISO gms. when filled up with a liquid. Find the 
specific gravity of the liquid. (Pat. 192S ) . 

The wt. of the liquid=.160 -100=50 gm*. 

The volomo of the liquid =m(eiii8l volume of the cylinder 
= ^XtO-6)'xK»=78-57 c.c. 

The density of the liquids per c-e. =0-636 gm. per c.c. 

But the density of water is 1 gm. per o-c.; so sp. gr. of the liquid 
= £^= 0 - 636 . 


3 A mixture it made of 7 c.c. of a liquid of specific gravity IBS and 6 c.c.' 
tr. The epecifie graciU/ of the mixture is found to be ISIS. Determine 
the amount of eontraetion, (0. V, 19S7)i 

Mass of 7 o.e, of liquid of sp. gr. 1'86 b7xV85s 12-95 gms. 

Mass of 5 c.o. of w(iter=5 gms. Mass oj the ini5iure=17’95 gms. 


Volume of the ;niiUire= 3 - 25 — =11-11 c.c. 

density. 1-616 

Hence the amount of coDiTsctioDa(74-5)— 11-11=0-89 c.c. 


(8) A cylinder of iron of tpeeifie jravily 7-SS and oclume 200 c.c. floats m 
meteuty. Vaieutatc Use volume of mercury aisplatcd. Calculate also the oofumc - 
of mercury displaced bv the iror^ mien water it poured on the top of tntreury" 
to coser the iron completelg. {Sp. gr. of fiiereiiry=lj-d.} 

If 1' be the volume of mercury ^solaced in Iho first case, we have mass 
of mercury dispiaeecl=n!as5 of iron; or, KXl3-6=a0Ox7-86j K=115'S9 c.c. 

If i" be the volume of mercory displaced in the second case, 
the volume of water dbplaccd = (200— F') c-c. 

So the mass of water dispIaced=(20O-r')Xl C"*- i and 

mass of mercury displaced=(F'Xl3-6) gm. ; mass of lrQn=200x 7'86 gto. 

We have mass of mercury displaced-(-mass of water displacedwinass 
of iron, 


or, [F'xl3-6)-Ka)0-F')Xl=200x7-a6; 

.-. 12-6r'=200 (7-86-l)=200xe-86; F'=l08-9 c.c. 

(?) A bloc!; of wood of specific grarilg CSS floats in wtztcr. Some ierofcne 
of specific gravity OSl U poured on the *ur/ace of soater until the wooden 
block is completely immerrerf, Coleulatc the jetton of ffte block lying below 
the surface of water. 

Let F bo the volume ol the Uoefe in the kerosene and F' the volume below 
the water surface. 

Vol. 1—17 



258 


LS'TCRMEDUTB rilYSICS 


So the toUl volume of the Mock-r+r'. Wt. o( blocV = {r+r')xfr8S 
The upiLrusl ia kerMeoe^i'irt of r cA Of Uro*t!i»=082 T gm. 

The upthrust in wit*r=wi. of i" c c, of irattraf" pn. 

Total iipthrait = (»82r+f’')-»t. of the blcok»{l'+r’)xi>eS 

&82V4-V' = Oe5l'+&e5l’'; Of, O®3r=0-JSI''. 

or » J • or *" 1 * 

or. l+r-'-b* 

lltDCe 1/6 of the block Is Ixlow the scaler turfare. 

(/O) A hoi/i/ o/ tpteifie gtonig tStiS m Jrtmirit gtnlljf on tht turfact o[ a 
tnllif foie (ly. gr 1035), If tAt dtplA o/ Me foie tc a yvofler e/ a mit( find 
tht tiote tke bodj/ Icltt to rtncK tkt bottom. (f’al. ^9(1) 

If m be the Bass of tbo bod;, tbo tdIsvo of lb« l)Od;*«m/2£I15i><bs colama 
of Ibe displaced liquid. 

So, tba weight of the duploced Xl 

■ tha hao;tncy, or the ofthrost, aetiog «d the bod/, sbi! the fere* Undiag 
(0 briBg the bod/ desrs m the liquidwni/, (be s<C of the bod/. 

KeBCS Ibo reaaltont dacrosrofd loree 

acceleration with which the bod/ la going down (be lirjeiJ, 

/-PX If d b« the distatce twselled In time t, (thi 

initial velocit/ u being zero) 


111) A ryfiBdar U t ft. kiyh and lAe raJiia of tht bait u t /t ; i(e iptaVc 
rarifjr I'a <J-7. /( floalt irilA lU exu rerlKof. find (»( Aew tnucA of «fa eru 
'iff be vndtr valer, |b) the fooee Ttguired to rmoe it 1 leci (ret. 39J3) 

(o) Volome of the cyliader-Sxffl’XZ-^-MSTl cn ft. 

5 gt. of (he snbetenee of the cjladere **** * 

Uaas of 1 on. ft of the cyliBderw62'5xC7} 

Mass of the cTlBider=«B-6X«>7)rS657l IM i 
Thia is equal to the mwi of w*»er dwptaeed b/ the cyliadef. 

V.ta. ol „l„ 

k»7x 56 sn eo. ft. volume of the tjlinder onder water. 

Area of the base of tbo oylindefwjrX^*®.^ X9“ -y *“ 2 

Length of the ails ioaorW-fffJXSSSnje- -I** 

■ <») Force eierfed b/ (he cjlinder-set. of tie tjlmdef 
.= 62-Sxfr7x56S71 Ibn.srt. 
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When the cylinder is raized 1 inch. ».e, wheal'4- or— ft of its 

I2J 6 

axis is under water, the buoyancy of waler=wt. of the water dispkccd=62-5xyol. 
of water displaced in on. It, s^Sx^ol. of cylinder immersed. 

But the buoyancy when the cylinder was floating with 1‘4 ft. under 
water=62Sx56'571x07 Ibs.-wt. Ho force required to raise the cylinder 
by 1 inch = (62-SxS6S71xO-7)- 

= 62-5xS6'S71^0'7-n^=147-ffl Ibs.-wt. = (147-d2x32) poundals. 

{IS) A eylindtr of mod tpJSwe tfceific gravity it 0-SS, has another cyiindtr 
of metal (epesi^c gravity 8-0) attacked to cae od. The cylinders are 3 inches 
in diamefer, they have Jfte some eerie, and are reipcctivefy SO inehce ond I inch, 
long. If the uMe is placsd in toeter, find hotp much ef U taill be above the 
surfea. [0. V. ISSS) 

Volume of wood»5rXl’X20320ir co. in.; Vol. of inetal=rXl‘Xl=>r ««. »• 
Their total volume=20!r-firw2lR cu. in.; op. gr. of wood=0’25. 

Moss of 1 cu. ft. of woodB(62'5xfl'25) lbs. Hence mass of SOgr cu. in. of 
'i7ood= ^^^Xfi2'5x0 25^Ibs. And mass o( mcial = ^'-d|g>X63'&X6^1bt. 

Their total massw |g^^?(5+8)| lbs. This is eqnal to the maaa of the 
displaced water, whose volames£^i. x^X^S'S X^Xb2‘5^ 

where Asheight in inches under water. 

1728 1723 

or, A=13 inches. Hence, the height abore the surlpceaSl— 15a8 Inchee. 

(Id) A ship with her catgo sinil-s « tncAes wAen eAc goes into a river from 
the tea. She aiecAor^es Acr eatgo, while stiU on (Ac river, end rieo Q inches 
and on proceeding again to sta she rises by onocAer y incAer. If the sides of 
the ship is atnmed to be oeidicaf to the eur/acc of water, show that the specific 


gravity of sca-walcr 


-a+B 


Let X iDcfaes=tlie length of side (of tbe ship with cargo] immersed 
when in sca-wster before going into tho rivor; 
inches s; tbe length imniecsed in river ; 

-3 „ = „ „ „ „ (without cargo) ; 

-§-Y >' “ ” » >» »» ^ (without cargo). 




wt. of 6hip-cargo=p (x+a— j8-y) = p, (*+a- 
Bo, pi = Pi (*+o) (1) 

(p(*+a— i?— v)“Pi (*+a— fl) — (2) 

Subtracting (2) from (1), p (y— B+/S)=Pt B- 
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QuMlions 

. 275 sra« ftnti ia mfrcury (tp. p. e=J350) mlij 

5/v 01 its volume Inncncj, >ib 4 tbe taluoM stiiJ (he ep. p. of iron 

c^nr. S642ec.;7SS] (C, J3W) 

2. piece of •rex of voiuun 2S c.r. tf<u(« in srater with 2 r.r. xlors (ha 

surface. Find tbe wt, end the ap. jr. e( w«. (C. U. 1M7) 

[Ana. 20 ems. ; 0905] 

3. Why ID C.O.S, uaUa ttia ealoci «( deautjr and *p. er. ate the eane’ 

(C. tJ. m7> 

4. A lump of 144 etua nf an allnj al iicn metata of an, B aad 12 

lively, n found l« weigh 129 grna when (olaUv unmerteij ta walet. Find Ihe 
pioportion l.y Teighl of the inetals m the a«oy. (Fat, 1939) 

(}IiaU.~L«t of rartel A. IVt. of meisl 


Kenee , wbtote v,w72 gns } 

Mne. I.l] 

5. A eyhodai «{ tten floats eettioalty and {ally vantiead tn a ftnti ton- 

(aimns nttrcury and wattr Fiad tbe ratio of the length nf the rylinJer 
isimeiaed in itater to that imaotsed lo nemty. iSp. gr. ol nereurywUb, 
ap. S'. eJ iron-? 79} , iVat. »») 

(eCiu. fl7 11S3 

6. A puea of c«tk (tp st 025) and « netaUie pieo* <ip S' 60) am boand 

together If the combination ember dcatt nor einks in alcuubl {ah gr. 08). 
caTctalete the tattc of the masses of cotic and nitts). tU F li 1947) 


{ins 9/22) 


7 A aohil body flostu);; in waler bas one aiitb of tia >oIeave ahote the 
larface. VThat fraction of <ta loloiBo wilt |>i«jrct, if i) floats le a h^aid o( 

epcoiflo gravity l-2f 



£, Hon do Jon find the apeoifk gravity «( a auUd li;h(er thaa water! 


A piece of cork whoae weigbl- is 19 ^esis is ettaehed 
neighuig 63 grains esd (ho two toRelher fast float la 
gravity of advec is IB’S. Find tbe eyeciPc gravity of r. c' 

(Am 026] 


bar of liirer 
r. 77i« inecifo 

(c. o. ircsi 


9 Fipl.vin hnw you woolj drlerma, Iho ^lecific 
powder by tbe specific gravity boUie. 

A ipeciEe gravity botiU weighs 1472 grams when e 
filled with water, asd 44 85 grams when filieil witb a 
What 11 tbe specific gravity of the ■ololioa* 


gravity of an inaolatle 


iiopty. ST"?! pvanis when 
solalica of ccramon salt. 

(C. V. J934) 


[Ane, laWJ 

^10 Iteacribe an experiraeat lo find tbe ifMcifie “y *tW 

U. I( tbe apeej/ie gntrity of • reetal la 19, what will be the wrlghl in 
waler of 20 c.e. of the lutstanc*? It- t)- t'*'* 

[4ns. 560 grans.] 
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12. 60*3 gms. hsve to be placed oo tbe pan of a hydromDler to oiuk it up 

to the mark in water and 6-8 gms. only in alcohoL li tho hydrunietei wti(ihs 
200 gms., what La the specific gravity of alcoholJ (C. U. 19ul) 

[.4J18. 0'794] 

13. EzpJain clearly how yon would determine the specific gravity of a 
liquid by a Nicholson’s hydrometer witbont using a balan.c. 

14. Toil arc given a apeeific gravity bottle, enough kerosene and water, 

beating arrangement and a table ol drosities of vratcr at various temperatures. 
How would you find the density of kerosene at SO'C., the room lemperaluro 
being 30'C. (Put. 1932) 


GHAFTER XU 
PNEUMATICS 

289. The Earth’s Atmo^here : — The gascou.s medium ivhich 
surrounds die cardi is called its atmosphere. With tit s enveloping 
atmosphere the earth condnuously rotates afaoi.t the polar axis while 
moving along its orbit round the sun, the acmosphe.e Lein ; lie d bound 
to the earth by the action of gravity. This gaseous atmc'SJlicrc is a 
mechanical mixture of several gases and its composition sli litly ta ies 
from one locality to another. Besides water vapour, it contains 
about 77% nitrogen. 21% oxygen and 1% argon by weight. The 
remaining 1% includes traces of carbon dioxide, ammonia, nydrugen, 
neon, krypton, lielium, ozone and xenon. The composite gas, like 
liquids, transmits pressure and possesses volume elasticity, ana unlike 
liquids, has no ftee surface, is highly comprcssiblo and capable of 
expansion. A definite volume of it has a definite mass and so it has 
got some weight. 


Densities of Some Gases 


Cnil 

Hydrogen 

1 Helium 

Kitrogen 

Oxygen 

j Cai'boti- 

Air 

Ibs./cu. ft. j 

0-00009 

0005 

1 0-000178 1 
OOll j 

00012S ! 
0-078 1 

OtK)i45 

0d>89 . 1 

1 

0-00198 1 

0-124 . 

0 00129 

008 


290, Physics of the Atmosphere; — In meteorology two types 
of balloons, the recordings haUoon and the pilot balloon, and more 
recently rockets and artificial saietliles are used for investigations of 
the upper atrnospheie. Recording balloons are Hydrogen-filled and 
automatic recording instruments such as the barograph, thermo- 
rneters, etc. are contained in them. Tliey fmaily burst out as they 
ascend higher and higher. The meteorograph, as it lands on the 
ground, is protected from injury by a special device adopted in the 
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balloon The liel;;lits of ihe balloons are observed by an instrument 
called the theodolite. 

The gaseous medium constituting the atmMrhtrc cannot expand 
itidefinitely as it extends upxsards. for the expansion li finally iimiied 
by the action of gtasity. The density decreases with the height 
ot the aitnosphcrc mtreasiBg, but nathint; is dehnileiir knoitn as to 
the height ro which the atmosphere reafly cxicnds, thoiigli it must 
V-.- « limtiing height. Estimates sary roughly between fi[iy w 
i; height. But wliat it dciinUe 
and probahly 

■» Estn iniM- 

iwtn, contains 

traces ol matter in the gaseous (onn. about one attsm p^r c.c. 


setcral hundred miles for this limiting I 


layer* of the atmospheric licit depending on ihcir ehaiaeicriitie 
pliysical ptupetiies which arc more or less known now-a-dajs. 
The atmosphere is disided isio four disunct zones Vnown as tlie 
. (»). ^ro^sp;«Te, {tij siralosphere, 




S ozonosphete and (iv) 

ere including Appleton layer 
and Heat'iside layer. Up to a 
height of about 0^ miles abote 
the earth’s sutface. the lenpera- 
tute ol the air diminishes tteaihlr 
as the height ifitie.i«ei. Tli s 
layer ol diiiitmihlng temiJeraiurc 
is known as the troposphere 
(Eig 172) Tile layer ahove tJits 
IS peocrallv called the stralo* 
sphere. Formerly it was thought 
ihai the temperature in this 
to region was constant at about— 

CO'F Recent i 


this region increases 'wili 
A constant •cnipcratorc called the 
■ from the stratosphere. On the 


howe'er, that the tempetattitc i 
though xery slightly A layer 

trnpopansc, dhiifes the uoposplu— - - ' i -n, i. 

top of stratosphere an Ozone tay*r has been dtsemv-cJ. ihis IS'C 
absorbs the strong ultra-siolef rays comins from ilic sun oiiti ths 
layer is responsible for re/jee- ng ail soun I water trtjelhng upwardi 
from the earth So beyond uia Ozone layer, the rtgion is a 'alley 
of silence. It has been eoi'Cmicd now-a-dajs trom studies wii i 
radio-waics that beyond the ‘>zcwic layer the upper aitnosphcrc i' 
highly ciccmcally conductinp. first poimed out by Balfour Otc-sarc 
and suhscqiitiiUy insistcil oa by Kfimelly and Ilca'inde anti is sm 
nowadays as V Kermellj-iltt^id'' U>cr. A „ 

'ly Appleton abo'c ihis hifcr has b.'cn named as ths: PT 
jcf. Tiiese condueijng layers are only tonued layeis o the 



phcre and die existence of such layers has been proved now- 
a-days as a result of inieimve radio-investigations since die iwendcs 
of this century. Tiicac ionised layers consdtudng a spherical belt 
round the earth collectively form what is often referred to as die 
ionosphere. The heights ci these layers are liable to both regular 
and irregular changes during die night or day, and due to various 
celesrial penomcna still obscure to us. 

Radio-communicadon round the globe by the help of short waves, 
has been possible due to the existence of these conducting layers. 

291. The Atmospheric Pressure: — If die whole atmosphere 
over the surface of the earth is supposed to be divided into a number 
of layers of air, one above another, then it is ei'idcnt diat the surface 
of die earth, or any particular layer of air over it has got to bear the 
weight of the layers above, and is thus exposed to a pressure ivhith is 
called the atmospheric pressure. This pressure at a place will, there- 
fore, be equal to the weight of a column of air of unit cross-section 
and height equal to that of the atmosphere above that place. The 
value of this pressure is 15 Ibs.-wt. per sq. inch, or 1/518,081 dynes 
per sq. cm, approximately on the ea^’s surface and diminishes up- 
wards gradually. 

The following table shows how the atmospheric pressure at 
different places in India changes with aliittide, i.e. their heights 
above the sea-level. 


Placo 

Altitude 

Mean Atoioiplieric 
ProawTa 

Calcatta 

21 tt. 

762’4 mm. 

Bombay 

33 „ 

759'3' „ 

Simla 

7233 „ 

585-5 „ 

D.iviceling 

7425 „ 

seo-2 


292. Air bos Weight ; — 


Experiments. — (1) Tahe a fairly large flask fitted with a rubber 
cork through ivhicli passes a glass tube. To this is attached a piece 
of rubber tubing provided wim a tdip. Put a little water in the flask 
and boU it after opening die cKp. After some time close the rubber 
tubing widi the clip and also remove the flame. Weigh the flask 
when it is cooled. Now open the clip ; air rushes in ; weigh again. 
The difference between the weights is weight of the air that has 
entered the flask. 

(2) Tlie following experiment was done by Otto Von Guericke 
of Germany in 1650 for the first time to prove diat air has weight. 

A glass-globe, about 4 inches in diameter and provided with a 
stop-cock, is taken (Fig. 173). The globe is exhausted as much as is 
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A simple Torricellian baiome^ is placed inside a tall jar (Fig. 177) 
fitted on the receiver ol an air-pump. As the air is slowly pumped 
out, the mercury column drops and finally, when dte jar is well 
evacuated, the mercury attains almost the same level both inside and 
outside the tithe. On re-admitting air, the mercury is again forced 
up the tube to the original hdght finally. If the vacuum above the 
mercury surface was the cause which drew the mercury up the tube, 
the column of mercury would not have fallen widi the CTadual 
removal of the atmospheric air from inside the jar. It fell Because 
the pressure of the air indde the jar acting on the surface of the 
mercury in the basin outside the tube was remiced on gradual removal 
of the air. The column subsequently rose again, as the outside pres- 
sure increased on rc-admission of air. Thus it is the pressure of the 
atmosphere which reaUy supports die mercury column in a baro- 
meter and the column is wdepeudent of the vacuum 
above the merairy surface. 

296. The Barometers: — The barometers [baros, 
weight) are instruments for measuring the pressure of the 
atmosphere. In one tyTJe of barometer jbe^ressure of the 
atmosphere is measured by die weight of .a column of 
mercury supported by if. It is called a mercurial baro- 
meter. Mercurial barometers are of ixco kinds— Cislcra 
and Siphon barometers. 

The Fortin’s Baromefers.— It is a cistern type 
of mercurial barometer. The barometer mbe is filled 
with pure, dry, and air-free mercury and is inverted oi’cr 
a cistern of mercury, R, called the reservoir {Fig. 178). 

The mercury stands in tbe tube at a certain height. Tlie 
tube is enclosed within a long br.nss casing C on the front 
side of die upper part of which there is a rectangular slit 
through which the upper level of the tnerciity in the tube 
can be seen and obwrved by the help of a small mirror 
placed on the back side of the tube. The meniscus of 
the mercury surface is read by a main scale U, graduated 
in inches and cenrimcties on cither side of the slit, with 
the help of a Vernier V, worked by the knob P of a rack 
and pinion arrangetnenr. 

The cistern has hs upper part made of a glass 
cylinder F (Fig. 179) through which die surfa'‘e of the 
mercury il/ contained in it can be seen. The glass 
cylinder is fitted in a bos-tvood cylinder K. whose lower 
end is dosed by a fiewble leather bag L (usually made 
of Chamois leather). This bag has a wooden bottom N 
against which the point of the base-screw S presses. The Fig. I7B — 
screw- works dirough the brass caring E which surrounds Forim’s 
the reservoir. By turning the base-screw, the level of 
the mercury in the reservoir can be raised or lowered at will and 
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SO tlist aa observed barometric fvessure may be compared with the 
standard barometric pressure as defined in Art. 001. 

(1) Correc/iofi for Temperature — A correction is to be made for 
the expansion of the meia! scale (nhich is ordinarily supposed to be 
correct at 0‘C.) with rise of temperatUFC. Tlijs torrecteci hcii»)it is in 
terms of mercury at the existing temperature. So this ai’ain' is to l>c 
transformed to zcro.ficgrce cold nicrcury. 

(2) Trttn^Jornutiton to Sea-Lextt — As the value of the accelera- 
tion due to gravity diminishes «ith the height aboic the sea-lc\el. 
transformation is necessary so that the obsened readme ii reAuced 
to the SCO-level. 

(3) TransfoTmauon to 4S' haiitude . — The salue of gravity varies 

from place to place on the earth's surface It is levs at tlie equator 
than at the poles Tor correetin}* the above two eilccH, (2) and P), 
the value of gravity at laiiiude 45* m the sea-level is taken as the 
standard The reduced to Sea-Ievel at latitude 45' m 

. ffll-OGOS.*!? ecis 2 A — 1 Ofis » 10^ ). where //*cbscrved heipln reduced 
/ to 0*C, ; Aalatitude of the place and js»heighi fin cm) o£ the place 
above the s«a-lcv«l 

The reading correeted for ( 1 ). (21, and P) would represent the 
height of the mercury column which would be supported by the 
existing atmospheric prevsute at a stand.ird temperature (ie, D’C.) 
and at a standard place (>.e. at the sea-level at latitude 45*). 

29S. Diameter of fhe Harosncfer Tubes— ■’The hfieht of the 
mercury colamii suppurted by Uic pressure ol the atmosphere is n»{ 
effected Iry the vtdth of the Daromcicr tube, for, let 

asKarea of oross-senion of the tube; /i=vcrucal height of the 
column, di^density of mercury; g=occcleration due to gravity. 

Then, the wr. of the Bnerciiry column h rf g=the upward forte 
due to tile atmosphere by which it is suppoitcd. 

Now, if the area is doubled {•■€. 2«h tbe upward force due to the 
atmosphere will act on twice the area, and so is also doubled. Tliis 
fcpicc Dccorac$=2a h d g=»cight of the mcicury column which it ha» 
to support. So the force per unit area, *e. the pressure remains the 
same. 

299. 'D’hy Ihe BaromeJric Ifeight Varies? Foreeasikg of 
weather: — Some amount of worcr-vanouT is always present in the 
air. Contr.ary to the popular bclici that moist air is heavy, it ij 
actually lighter than dry air the density of water-vapour being i o| 
the density of dry air. Hence when there is a considerable amount ol 
water-vapour present in the air. the density of the atmosphere, and 
ihetcfore, the pressure exerted by it is less, which causes the mcrcu^ 
column in the batomerer to fall slightly. This is the reason of the 
variations in the height of the barometer. -The presence; of irWCri 
trarrr-iVTftour in the .air indicates that rein is imminent For this 
reason, the barometer is used for forecasting the weather. A 
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barometer reading indicates the presence of much water-vapour in the 
air, which, again, indicates a of rain in the near future, and a 
rapid fall in barometric height is usually accompanied by stormy con- 
ditions. On the ocher hand, a high baninetcr indicates dry tvcather. 
It should be noted, however, jhat the barometer is, by no means, an 
infallible guide to forcasung weather conditions, 

300. Uses of Barometers ; — So we find that a barometer can be 
used for the following purposes: — (a) Meastiremenl of the atmos- 
pheric pressure; (b) Jorecasling of veather; (c) determitiation of the 
altitude of a place (vide Chapter VI, Part. II). 

301. The Value of the Atmospheric Pressme Ordinarily the 
mercury column in a barometer may be taken to be 76 cms. (f.e. SO 
inches) high and so the atmospheric pressure is equal to the weight of 
a column of mercury 76 cms. in height and 1 sq. cm. in aoss-section, 
or the atmospheric pressure per sq. inch is equal to the weight of a 
column of mercur)* 30 inches in height and 1 sq. inch in cross-secilou. 
For the calculation of the weight, the mean value of the density of 
mercury may be taken to be 13'6 gms./cc and jhe value of the accele- 
Tation due to gravity, g=93i cins./sec.*. 

In C.G.5. Units : 

Atmospheric pressure=wdght of 70 c.c (=s70xl) of mercury; 

<s7Gx 13'6x931 dynes per sq. cm.; 
•=1013961 dynes per sq. cm. 

So, it is apprommaiety equal lo one megadyne, i.e. 10* dynes 
per cm.*. ' — ‘ 

The unit pressure used in meteorology is 1000.000 (or 10*) dynes 
per sq. cm., which is called a bar, one thousand^ part of whick is 
^called a milUh aT- Thus the value of the atmospheric pressure is 
1013901 mlniUar? approximately. 

In F.P.S. Units : 

Again, taking 30 inches of mercury as the height of the baro- 
meter, atmospheric pressure=wci^t of 30(=30xl) cubic inches of 
mercury. 

We know that 1 cu. ft. of water weighs 62'5 lbs. So 1 cu. inch 
The weight of I cu. inch of mercury=13'6 x Ibs.-wj. 


or, afmosp/ieric: frcrnirc =30xl3-6x^^^lbs.-wL per sq. inch. 

t= 14-7 lbs.-wj. per sq. inch 
= 15 Ibs.-wt. per sq. inch (roughly) 

= 15 x 32 =480 poundals (roughly). 
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(So. 30 inchfi beint^ the of a mercury barometer, tlte heiclit 

of a ttaSer baromeler -will be 80 incbMXlS 0=31 ft approximaiely.] 

^ Similarly, to get the height (A) of a glycenne l>nrowu-/er, we hate, 
height of water barometer *tlei«ity of »ater*=height of glycerine 
b.nronieterxicladve dcnilty of glycerine; or. 34xl=Axl20 (rdntiie 
density of gljcerinc=cl'2fl). 

34 

=27 ft approaimarcty. 


(Note, Pressure is often eepretsed in ntnmrpheres. Wlien anr 
liquid or gas exerts a pressure of I0I3.0(>1 dynes per jq. em, nr 14 ^ 
Ibs-wt. pet sq. inch, tlie pressure is “one ftlmotphere", 

Noimal or Standard Atmospheric Pressure For comparison 
of pressures, a standard pressure is necessary. This standard fiessure 
(also called normal pressure) is defined to be that due to a column 
of pure mercury 70 cms. m height, at 0'C., at the set-level at 45* 
ladtude. That U> 

normal pres9UieB>7C x 13 500 v080-ft dynrs/em* 

= 1-013250 *!(►• dynesfon.'«l-0IS»10* tlyoea/cm* 
[Denttiy of mercury at OX =13500 gms/ce, and the value of g at 
(ea-Ievcl at 45* latitudcsOSfKl cms/sec.*.] 

The aorinal or standard «finos/>/ienc pressure iv a pressure equ.tl 
10 the above and is often used for companson of atmosplieric preiiures 
at different places 


302. IVhj Mercury is a convemenl Liquid for IJaromctm 7— 
A culuinn of mcrcuir only 00 indies high is able to support the pres- 
sure of the almosplaere. whereas to support the same presvurc. a 
cohitTui of water 34 ft high, or a column of rfyccrine 27 ft hiph. will 
be necessary For this reason (> r due to the high speo^c 
mercury is used for barometers as a matter of convenience Pesidcs 
this, mercury does not teet gluts and doer not etaporate roptdfy. 

Very little mercure vapour collects in the Torricellian vacuum ami 
the pressure exerted bv the vapour is neghgible. Moreover, mercury 
is a grey shining liquid and can he observed well 


But the .advantage in the case of lighter liquids is tbvt a small 
variation in the linromctric height can be observed mmt aemrattW. 
for a rnuch greater variation in the liquid level is prodiicw in their 
ca«e. For this re.-ison Glycerine is sommimet used .as a barometric 
subsr.incc Though the vapour of this liquid has a low pr«sure at 
ordinary temperatures, it has eeriain objectionable feamre<._ Glvcenne 
readily absorbs moisture from the atmosphere stid »o its tlenuty 
changes. The absorbed moisture let ©ff into the TomcelBan vacuum 
.-loses greater and grcaler deprexion cf the column, as time advances 
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Water is not a suitable barometric liquid, for it quickly evaporate? 
even at ordinary temperatures and causes considerable pressure on; 
the liquid column whereby the observed column becomes appreciably 
shorter than truly what it should be. In some countries it cannot 
be used in vrinter when it tvill freeze. 

Example. Tht feret exerted hy the atmos^ere en a etreular plate whose 
diameter is j'S ft. is equal to SS,SOO pauadi. Calailale the height of the mercury 
barometer, if the density of mertyry ie lS-6 and the weight of I cu. ft. of walcr 

Let K ft. be the lieigbt of Ibe barometer. Thea the force exerted on the 
plalee=th8 weight of a column of morcnry of height h standing on tite plate. 
The volume of this mercury colunui»ffX X* = 15'9 h CU. ft, 

Ono eii. ft. of water wwghs ^5 lbs. : hence XS'S h cu. ft. of water will 
weigh 16'B /iXW'5w993-7 A lbs. 

But mercury ie 15'6 times heavier than water; so IS'9 A cu. IL of mercury 
will weigh 9B3‘7 Axl5'6=13^^'32x* ; aod this =33800 lbs, 

or, 13514'32 xA« 33800: or, A=2-S01 ft. 

303. Variations in the Atmosphere : — 

Fressare at Different Altitudes. — As we ascend through die 
armosphere with a merairy barometer, the weight of air pressing upon 
the exposed surface of it is reduced and consequently the height of 
the mercury column supported by the air becomes less and less as tve 
ascend more .and more; jhis Is confirmed by experiments of Pascal 
and Perrier ; on the ocher hand, as we descend below the. sca-lcvcl, 
say, down the jhaft of ± mine, the weight of air pressing 'upon the 
surface is increased'an’d-so tn^ mercury column is pushed higher and 
higher. It has been found that for lont altitudes there is a vanation 
of 1 inch in the barometric height for a vertical n'se or fall of 900 ft. ; 
but for greater heights this is not strictly true. Hence from variation 
in the readings of a barometer die aldnide of a place, or the depth of 
a mine, can be ascertained. 

It has been ascertained that about 60% of the earth’s atmosphere 
lies within 3A miles and about 99% widiin 20 miles from the 
surface. Tlie remaining part, i.e. 1% extends over several hundred 
miles in a rarefied condition. At a hdghc of about 3i miles the pres- 
sure of the atmosphere is about 30 cms.. and the pressure at a height 
of 20 miles is approximately 7 mm. An instrument, called the alti- 
meter, is used which directly indicates the pressures and the corres- 
ponding heights .at cUfTerent levels in die atmosphere. 

Temperature at Different Altitudes. — So far as the temperature 
of die atmosphere is concerned, it may be rougldy taken to be divided 
into two regions: in the lower of which, called the “/roposphcrc”, 

Vol, 1—18 
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depth of about SOO ft. Jt h.i* been fnunc! by the experiment that »t b 
better to supply the diners with creygen containing liclium, instead oi 
Ritropen, as helium tlissoltes muds less than nitrogen in il<e liWi 
and tt is also got rid of more qtiirkly and so the discr can come to 
the surface in much less time. 

30€r Balloon and Airship } — It f<^Joi»s from the principle c! 
Archimedes that if tlie >^eiJ'ht oC a body is less than that of the ait 
displaced by jt, the body uilT be forced «}>. or buoyed up as it U calW. 
and tvill rise in die atmosphere. Tlie diflcrencc between the ncighi 
of the body. Ami Uiat of the air ciispLiccd l>y jt. is catted die "li/tifi- 
ftri'er" of the body. The principle it applied in a baUaort or eifi/iipi 
which contains some gxteous substance like hydropen. or hchuns. 
whicii is lighter than .air. Hie coinbtnctl weight the gat. ciiginr. 
passengers, etc must l>e less than the weight of the displaced sir in 
order that balloon may rise. 

At src.atcr heights the pressure of the air is sm.illcr and w a 
balloon there displaces a smaller weight of oir. 

An «(rj/(jp, whJc' * 
propulsion, wnrhs o 

etthcT hydrogen or 1 • ■ 

great dis.ntiianiage t . 

not, so enr/i /leinitn the rnk of '<iCciJrrti it much tf.dueed. 'ITie 
advantage wiili hydrogen is ilur it »» mucl\ fighter and cheoper. 

307. raraehuCei — Tltc patachute is a dc'kc lAc tliat of m 
umbrella, which resists the falling of a body by putting up air r«i»* 
mnee, le it acn as an "air-brnke'’ to a falling body. 

308. Tlie LifliiiE Power ol o Bnllooaj— If d be the dcnsiiv 

of llie air, d' the licnsilT of il*c c^s in the balloon. V' the cxicrasl 
volume of the balloon, ubich is the volume of the disphcetl air. »n<f 
I" the volume of the gas, ebe weight of the air displaced i c. tlie force 
of buoyancy dwe to a5r= Vd, and the weight of the gas in the balloon 
=-l"d'; the total lifting f>^tr={Vd-i"d‘). In praciko I’ b 'cry 
nearly equal to T”, lo the total lifting noner reduces to r(d'-<J'), pan 
of which it used W raise the balloon it<elt, and the remainrlcr pees 
to raise its passengers and cargo TTiC density of hydrogen 
xdensity of air So for a Inlloon filletl with hydrogen, ihe 
#WJCT = » (HlSOOf'd. For a iKilloon fillet! wiib 

helium for which d'=^0-l3S8xd. lifiing 

08012 X Fit Thus, it is lonad that though helium is twice as dew*e 
as hydrogen, the liftinsr power of a balloon filled with hellOTn i* 
almost equal (O.T per cent) to that of a similar hydrogcn-flllcil ballocn. 

Eeimple*. (t) A tfAtrieaf tat/acm $ wtrtirt « J,on'Ur u ftri vi'M iyitr* 
fat {iiKtUj }-«! t%irt cf alt), fit tfl lardofK c/ <A< lallefn tfljii gti 
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•ptT sqiiart mtUt. SoiB mveh hydrogen is regmrtd to fill U and- what weight can 
it lupport, the weight of a litre of air ieintr I'i03 gas. 

The VDltunft of the baUoon= 5 — x2*=33'52 cnbic mefres, and the snrfaca 
area of ballofla=4^X2’=SO’285 sq. metres. (The wt. of 1 litre of air is 1'295 
gms.). 

Since the wt. of one cubic metre ot air=l-293 kUogram, 

The wt. of air displaced by the bal]oons33'ffiXl'293=43'S4 kgms. and the 
nt. of hydrogen filling the balloon 

= ^ X"'t. of the same volume of air= ^ X43'34=3‘5iS kgms. 

The «t. of the silk envelope is 250 gtns. per sq. metre 

= ^hgms, per sq. metre. 

Tho wt. of tho silk envelope of the baH<wii=50’235Xj^=12’671 kgms. 

Hence the ret. of hydrogen in tbo balloon-l-its <iivclopesl2'571+3'933 kgms. 
So the tvl. which the balloon can siipport=43'34— (i2'57i>h5’333)=27'436 kgiss- 
Xhii it the liftlog power of the balloon. 

(2) A litre of hydrogen and a filrc of air weigh about 0-09 gramme anil VS 
grommet rupeetively at a certain lemptralurt {t] and pretssrt («). TT/ist would 
be Ihi capaoity of r itdhn vci^Ainp 10 tilegramvut, which jutl fioalt when filled 
with hydrogen having the tame ptetture (p) and the tame temperature it) at 
the air ? {C. V. 191!) 

IjCt V litres he tlie volnme of the balloon. Mass of hydrogen enclosed in 
the l>alIoon=K><0-09 gms. Mass of air displaced by the ba!lcon=l'Xb‘3 gms. 

TVben a body just floats io n fluid, the wt. of tbo body is equal to the' vrt. ^ 
of the displaced fluid. Hence wt. of balloon+wt, of hydrogen in ll = wt. of air 
displaced by the balloos ; 

or, 10xlwW+KxO-09-rxl-3; or, r= =8264-46 litres (nearly). 

309. Boyle’s Law: — Rohm Boyle (1627-1691), an Irishroan, 
first established the exact relaoonsbip beaveen the pres-sure o£ a con- 
fined mass of gas and its volume when they are varied at a constant 
temperature and the law named afte him may be stated as follows: — 

Teraperaturc remaining constant, the volume of a ^ven mass of 
gas varies inversely as the pressure. 

Thus, if P be the pressure and V the volume of a gas, 
we have, P = 1 ; or, P=K-p where Jl is a constant whose value 

depends on the ma.ss of the gas taken and its temperature. 

Thus, PV=K. 

IE the pressure P be changed to P, at constant temperature, and 
the corresponding volume becomes K,, we have, P,F, =K. But 
PF=K. 
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V can be verified graphically c»cn itiihc^ui a liiOrtMgc ot 
the actnospheric pressure To do 
this, plot the e\cesi o{ pressure. 
ir. pressure above tlic atmos- 
pheric pressure, agairst 1/1’ vslicn 
again, a straight line uiil be ob- 
tained (Fic. JS7) ; for ve have 

pr--K. .1 
or rr+x 

wlierc fl rcprc»c 

phcric pressure. X tlic excess of 
pressure, and 1’ stands for 1 / 1 '. 



K, a constant: (// + .V) V^^K, 
+X=K/V=KY ... (1) 


Fig 107 


This is an equation of a straight Jme So, if the craph of A", the 
excess of pressure, and t-<. !/•', gives a straight line, the law is 
verified. 


Deicnninalion of Atmosphetk I’rtssure.— Tlie graph ju<t 
descTibcxI provides a method of knowing the value of II, the ntnini- 

E hcric pressure. For, when IfV h aero, /i + .YsO, or 11= -X 
!cnce Jl it found. 

312. Isolhcnnal Cune:— The cxp-tnsion or compression of a 
gas at constant temperature is s.nul to be isothervial (Gk, Isos, equal , 
thermos, iieai) expansion, or compression and the curve by which the 
relation between pressure and volume at constant temperature is 
r^tesented is said to he an isothermal curve, or simply an tiotherfrurf. 
Tlic curve, shown in Fig IWJ. obsamevl by a Hoyle’s i-aw expert- 
ineni, is an isothermal curve. 

313. Deviations from Hojle’s Lav»:-~.It should be noted that 
for all pracucal purposes Dovle’s Law is true for the gases like 
oxygen, nitrogen, air, hydrogen, etc called the perni/tHent gases The 
permanent gases obev Hoyle's Law under moderate pressures at 
ordinary lompcraluies, Hut at large pressures almost all gases 
deviate from the law moic or less. A gas obeying Hoyh’s Lus 
accur.itcly at all pressures and semperaiwrcs is callvrl a perfect go*, 
but no such gos exists really (vide Chapter IV, Pan II) 

314. VeTificatloii of Doyle's Lavr by Another Mediod ; — Hoyle's 
Law can 1>e verified more simply by taking a glass lutic AB about a 
metre long having a uniform bore of alMiit 20 inm . tlo'cd at one em! 
A .and open at the other end H The tulic contains a mercury-index 
DC about 2j tms. long uhiih encloses a column of air AD (Hg. 18S) 
Proeedrire — Dead the barometer and let P tie the correct atmos- 
pheric pressure. Hold flic tube vcmcally wuh the open end down- 
wards The atmospheric pressure m this case prcs'cs upwards wi the 
mcrairy-coliimn • sn the pressure of the enclosed air is fP — /O. whe'c 
h is the length of the mercuiy'«oIumn Measure h and i,. the length 
of the air-column AD 
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Fig. 188 




Now clamp the lube with the open end upwards. The pressure 
of the enclosed air now is (P+h). Measure I,, the 
length of the air-column now. 

If a is taken to be the ctoss-scction of the tube 
the volumes of the air enclosed in the nvo casc.s 
are and n/,. Now, by assuming Boyle’s Law tt> 
be true, we have (P ~ h)al,=[P+ h]al^ 

P—li I 

or, Tt — i- = from which P can be calculated. 

P+n t, 

Tile result can be checked up by measuring the 
length of the air-column when die tube is kept 
horizontal. The pressure in this case is P which 
can easily be calculated. 'ITtus. by this method, 
wc can approximately determine the altticsphcric 
pressttre. 

In order to have more readings for the verification of Boyle's Law 
by rhe above nieiliod, the tube can be clamped at various angles witli 
the open end up or doi«n. In these cases « will be the difference of 
the .two vertical heights (h, and /»,) of the two ends, upper and lower 
of mercury-column, whiA can be measured by using a plumb line. 
The pressure of the enclosed air In these cases will be P±.{h,~hi) 
according as the open end is up or down. All the results obtained in 
various positions or the tube can be tabulated, and it will be seen that 
the product of the pressure, and the length of tlie air 

column and so the volume, will be constant in each case. 


315. Faulty Barometer: — A barometer containing some air in 
the tube will always give faulty readings ; the air will expand and 
depress the mctcuiy-coiunm to some extent. To test whether the 
barometer tube contains air or not, incline the tube sufficiently, or 
screw up die Iwctom of the cistorn in the oslng of Fortin’s barometo 
until die whole tube will be fiDcd with mercury, if there is no air in 
it. But if there be any air in the tube, it will always be left in die 
tube and so the tube cannot be completely filled up with mercury, 
however niuch rhe tube may be inclined or the bottDm|may be 
screwed up. 


As the merairy rises and fells, the enclosed air obeys Boyle’s Law 
and hence it is possible to determine the correct atmospheric pressure 
with such a faulty barometer by the application of Boyle’s Law os 
follows:— 


Determination of Conert Pressure.— Let h, be die height of 
the mercuiy-column and I, the length of the air-column in the tube 
of a faulty barometer. Now raise or depress the barometer tube in the 
cistern so that the air-column is about double or half of what it was. 
Read the new height /», of the mercury-coluran and the length /„ of 
die air-column. If P be the correct atmospheric prc.ssure, wc have, 
by applying Boyle’s Law, (P~h,)xal, = (P—h,)xel„, where a is the 
cross-section of the tube. From this P is determined. 
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strirnifiit works, \rhilc Fig. 302(1'} illustrates the ajipcnrancc of »hc 
instrument. 

The instrument coniUtt amply oC a hollow -luhc U/IC open at It 
10 he connected to the supply and dosed at other end C. It is a 
spring tube usu.ally made of a' special qualay of bronze or sotnetimes 
of l>ra‘»5 ant! is oi elliptical section. Tlic jrrosurc of the supply 
diangts the Cross-sccricn of the tube to more and more circ'il.ir firm 
until the stress dctcinped in the mnienal of the tube is I^ljiiceJ iiy 
the pressure witliirr. artd due to this clustigc In cro»s-<ccunii, the free 
end C' of the tube is displaced from II. As a tcstilt, the pnintcc I’ 
connected to it motes o\er a dtcular scale. Tlie instrument Is previ- 
ciusly gr.iduatetl by referring to a standard gauge. Since the mano- 
incier tube is surrounded by the atmospheric atr. the tnotement of C 
measures the eecess or deficit of the internal pressure referred to tfie 
atmospheric pressure. To get the absolute pressure of .i hlih (tressufe 
supply, the atmospherte pressure at the fdaee of obsetvatton at the 
lime of cxpcrtmcnc is to be added to the pressure indicated by the 
gauge 

317. Emngellista Torrieelll fKOS — lfi47M— A pupil of Galileo 
who succeeded him as mathematician to the Grand DuVt of Tustany 
He IS a contcm[)orary of Pascal Both of them liietl a tery shon 

lie was a boro experimenter He shovied ho^v small beads ol 
glass when melted could be «c$d as lenses o{ high magndytng power 
He discovered a law named 
alter him. concerning the flow 
ol liquid from openings in a thin 
wall, and pcihans was the first 
worker in Hydrodynamics ns 
ojiitrasicd with the science of 
H)<ltoviatics founded by Attlii* 
inedes His greatest achieve* 
menc, however, l.ts in the icnv. 
Huctlon of a 'hiromcicr'. 
Galileo liad already measured 
the aiinosphcric pressure by 
means of a water -column in the 
tuixj of a deep well in Florence, 
though he was testing ’l/if 
poatr oj t'acwtiBi'. an iiea 
originnting from Aristotle. 
TorriceUi picked up liic idea 
from liitn and in collaboration 
with Vivitni tried a mercury* 
column in place of the water- 
column. 
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318. Robert Boyle: — He was the fourteentli child o£ Richard 
Boyle, the great Earl of Cork, 
an Irish County and was a 
man of means. After receiv- 
ing education in a London 
School he went on an exten- 
sive tour throughout the 
continent particularly Italy 
where he studied Galileo’s 
work. On return to England, 
he lived in a house where 
men of science used to meet 
and debate scientiBc topics. 

It was this debating club 
which was transformed into 
the Royal Society in 1862 by 
Charles IT. After Guerike 
had invented the air-pump he 
began to study tie properties 
of gases with it. It is he who 
first devised the plan of aap- 
ping some air above the 
mercuij in the closed limb Rcbtrt Boylo 

u£ a U-tube with the other limb kept open. The pressure of the 
enclosed air thus could be varied at will by setting up different heights 
o£ the mercury in the open limb. This led finally to the important 
law known as Boyle's liw. Edmc Mariottc m Paris discovered the 
same law indcpeudeatly near about the same time and so in the 
continent this law is often called the Mariotte's Law. Perhaps he 
is the first man who made a systematic study of the elements by 
chemical analysis and he is conridcred to be one of the founders of 
chemical analysis. The dctecDon of hydrogen chloride gas by pre- 
cipitation with" silver' solution, of iron by tincture of gaffs ; of adds 
by means of papers dyed with v^ctablc tolotiring matters arc a few 
of his outstanding contributions to sdcnce. He discovered how sound 
is propagated throtigh jut and investigated the refractive powers of 
crystals. 

He was a jealous supponcr of Christiamty and spent a huge sum 
of money to propagate its superiori^ and with that object founded 
the Boyle’s Lecture. 

Examples, (i) TTSoi foltme Joet a gntmiae of hyirogtn oecupii at 0°C. tvXen 
the htlght oj iht merruna! boToMUr i« 750 mm. «.«. o/ B weight 0-OOOOS95S 
gram at 0°O. and 760 mm.) ? 

0000089® gram of hy«3rogcD at K.T.P. occopie* 1 c.c. 

1 ^am of hydrogen at if.T-P. occupies 1/0*000089® c.c. 

If 1’ c.c. be fbc volume of one gram of Iwdn^eu at 0®(7. and 750 mm., we 
have by Boyle’s law. 
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I!) WAol ii tXt deptk in mitn a bnbhlt 

hright <i) tf0i«r betomtler u 3t It.f <7«kii 

xater ii ef-S lk4 , anJ lAnl af air w tn. 


c/ Bir irOttU ;uu fool, uktn 
lAat tke Plan o/ J owfric /act 


fi. 


Ih* Jepth »l «kteh the bsbiila vould jtist float, the 

11 d, (Qd J;L a* b» l!i» dcniity at lha atmoipban; pteitur«{ tbaa 


hy Art 31Q, ^ list* at tt»i depth Ihs biVbti ai air ]iul fisata 

ilie deaiily of iir it jtiii equal la tb« dctttiljr of utter; to 

d- _S 4 

A+S deMitjr of water “(62SxJ6} 
or, dz:?7166 fi.eiSOK ydt, (tpptox.JaSlI inilet. 

(J) At vAet dtflA in e lelt ttdl e tntUe of air kart eni-Aa!/ Ike it 

uJt Aatt OR ttaeking lAa inr/att t TAa At%gkl oj iareatter ei the line u 7d 
ewe. end the dtnulj/ a/ tatfevry JSf. {AU, l«S> 


!.•( tha valBRie or iir bubble at tba tnrftca ba I' ee. lad iba dtplb lelair 
(ba lurFm at «bich tba rolume uf Iba babble b V/i t« a cnii, 

s emi. oi vtcar aiarta iha aama praaura at «/13b m. ct narnry, 


RaaM, Iht total praaiute oa the bobble ol bouotom'7b-r^.^^ com. 
Tbctt, by Uoyla't taw we htTi, ^76+ 


or, = **76xiJ6»10SJfr«tt». 


U) A karamettf teed* 10 tnrAia end (Ae tfort ebart wierevty it I iirA If a 
aaan/ity of tut tcAirA at alimiifArnt prranrt vmti arnipy t >acA a/ Iht lube M 
tn’todurtd, teAet tedl ii the ttedtng a/ the batavttllf / [All I53i) 


Let n by ibe area al croii eectioa o( the labe, to the eatuma ol air oera- 
p7>iR 1 'orn oi (he tohnsaxl *"<1 <ba premire of tiie above air, before It u 
inlroducrd in the tabe=>Z0 inebra. 


When avr ii istrodueed, lei the mereuey-enlQTRti eoo\* down he s inch** 

which, then, it the pmsara of fha introducnt air, the volume of which u 

(*+l)X« fo. inehea. Bjr Bayia'a Law. dOx^xAi^X 

or. **+«-ZO=Oi or, 1*— b) l*+b]=B-, or. * = +5 or, —4. 

Arrordin; lo the first valna of a, the readin' of lha biromeler will be 

M-S = 25 iTTchw. and acrordinj to the irtliet »»lue, the t*idins will be 
S)-l_t,^.56 mehM Out as the final leadioc. alUr air »' tnUodoetd. catoot 
be pmler thin the ongiRil, tlio vreonil valno <a not tilisiiiible 


f^i A eipAon laromeltr icilA a hllle air la lit 'reemwi' indiraffi a prretvrt 
al nnit 7t eenfimeirri, and on jmring aame wore nerratf tn lAe cf<n timb hntd 
lAr rotvvri le i/imieieAed fa Kalf ita farmer bofA, t\t dtifettnet of tit ieriTt 
ttronee TO etnlimtlrti. ITAol u lAr inie heljAt of a proptr laramrirr f 

iPat. IS’I) 


Ut r be the tolnnie of air in the laba and p the prettare everted by the 
volutni af air before mercerj vaa poured In 

.-. The true heishi of the ban>ineleri.72+p Tirn TtZ i« the volmne el 
this air alter mtrrpry wij poured in. Let the preunro eierted by Ihlj voloiae 
ef air be p,- The true hei^hts704’p,- 
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Thee, we have, by Boyle’s Law, pl'=p,X*^/2. /. p,=2p. i 

But the true height of the barometer before pouring in niercury=72+p, aod' 
after pouring in meicnry=70+p,; 72+p=70+p,=70+2j>; 

p=2. Bence the true height of the baTometers:72+2=:74 cms. . 

(tf) A tube 6 feet in tenylh doted at one end it half plied with merevry and 
is then inverted witft iU open end jutt dipping into a mercury trough. Ij the 
barometer stande at SO inchtt, tokat viB be the height of the mercury inside the 
tube? \0. V-. mi) 

Let * ft. =heiglit of merenry inside the tube when inverted. The initial 
volume of air occupies | or 3 ft. length, and the initial pressure ft. ; the final 
volnmc=(6“*) fh in length, and the final ptessore= ft. Then, by 

E.,!.', L.W, 3x§ .(6->)X ( J-') • 

2r’-17a!+15a0j or. («-l)(ae-X6)«0} 

Hence swX ft. ; or, V* or, ft. 

The second root is cot admissible as the height cannot be Tg ft., f.e., longer 
than the ttibe. The reqitiied heighlsl it. 

{?) The htight of the mercury horomctc' ii SO ineiu nt tea-hvfl avd tO 
inehei of thetopof amountaut. Find opproximatelf theMght at/he mra/nloin, i/ 
the density ef air at tte-Uvel is O-OOIS gnt. per o.c. nnd of mereury IS'S gm. per c.e.' 
B, 

Density of air at top-'SxOdXll3*0-CI0066 

Mean dcnsily=i(0-0013+0'00;e6)w0-00ice. , 


The diScrence of pressure at the two poiais is cijual tu tiiu weight of 
(30-20) inches of mercury standing on one square inch, i.e. of ID cubic iochai 
of mercury. 


Mow, considering the atnrosphere to be homogeneous having its density 
equal to CfOOlOS, it can bo found what column of this air wdl be cqudl in 
weigiil to a column of mctcory 10 inches high. Hence, if h be the length of ihe 
air.column, we have 


h density of mercury . 

ercury colBmn“ density of mr 


.= XlO=125000 iiuie3=I0«l6'66 ft, (nearly)'. 


(S) A bubble of air 
r rcocAiny the surface. 


itee from tie bottom of a lale onrf iU diava 
Find ihe depth of .the lake. 


Volume of a rphere-is {radins)»=4s- (diameter)*. 

. 'V'nl, nf air-btibble nl bottnnj ^(diamelcrl* 
Voi. of air'bubblc at surface fcrfgxdiametcrj’ 
"Volume at snrfacc=S Umes volume at bottom. 



INTERMliaiTE PIIVBICS 


■tm«ot •tieviii2 that AKhtmcdet' piuxiplc applies to 

t *A pound ol fvattier ocicbt Irsi than a pound o( 
{C. U. 1W4) 

tha leadin' of a baromclor at Puri and it 


20. AVliat IS the effect of Iht pmiuro of the atmmphei 
I bodyf Cue nasooa (or your anaieer, aod dcicxibo an 
'll tins effrcl can ho demonslnted. 


(he 


eisU 

by 


/c. U. 19il) 

grraler and greater alliluJe, trhal cHati:« are 
pmanre. (A) tiio dcmilj- c( air. and (ej the 
a penon in it* Krplam (be rhineee 

(I’at, 19») 

2S, , The aolunie Qf a Wlioua is_^niLic inrtrci It i> filled nith h^drojrn 


21 As n Lalloon risra 
feund in, (e) the atmcephi 
lifting povrer uf tlie balloon 
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xrhoie denaity is O-Oel (tm /iiire Tba ^niiiv of the iarroundieg 
ffia./littc, Mhat u (he total lifuns loece of the g»iT 
(Ani. &33-5 hsml 

2d A lalloon, arochioc 160 Icema. contains l.CCO on n. ol hydroEcn and 
la larmunded by air of dcoiilr dOOm Calriilate ilie ulililinnil vieiphi it ran 
lift Also explain whr (he balloon mil float in atelto eouilibrium at a renManl 
altitude (Drniity ot'hydrogensCtOnCCi^ ^ /rc ] |l‘jt IMI) 

[ITlnl4.-DrnsiU of /7 per cat ni e&(IOCX»x lC*u tn priu The wt of 

1,000 cu m of (/-CO h'rM So (oial X >|i5O-fC0)-:dO keni | wl of 
tOCOxlO* cr. of air-1290 kgroa IKtins pcarrr>I200-S«}rlO£0 kgtu. 
ll will lo in (lahle ci^uiMriun because at a consient aliitede the necelrralieA 
due tu gravity, and also density of ait. lemauk conslaot ] 

34 Stats Hoyle's Lsw and ehow how it can be ernfled In the labormlory for 
ptessuret htsber end lower than the atoaoThceic preeture. 

(Dec IWl: U I* 11. IWdi 0. U 1052 1 C V 1057) 
25 The ipare above a tncrcatry column in a barometer tube contamt mme 
air The mercury erdumn is 23-40 mrhrs loiii; and (he space above It m SD5 
tnehes long The lobe is then poshed downwards into reermry rc that \h» 

criumn is 25 14 irrhrs bme white the air space it 7 - ' 

trus height of the barometer? 

[Ans. SO-ff? inches ] 

36 The height of a barooetcr ts 75 ems ct merrurr and the eracosicj 
space over mercury aurfac# has a volema of 10 cc One rabic ccntimtlre 
of air at atmospheric pmsnre is introdaevi into the evtcualrd t; see 

IMiat IS the new reading of the banmelcr * The crosssKtion nf lh» liho 

b oDitv 1C U, 192t. '») 

f.lns. 70 (ins , hrraose (1>« other valoo 00 is inadmiisible I 

37 Tind the prrsrrire everted hy a gramme of hydrogrn in a restrl 
at 6-55 litres capacitv at C*C . assamsn- that the enSM nf a cub < centinmrs 
of hydrogen sL O'C and a presiurs of tom. of tnercary u 0x10^ gms 

t-tM. mTO.-} IIVIV 

23 Asiaming the water barometer ilanJt at 331 ft . fnJ the Imglh of a 
cylirdrical Imt lube in winch the water rues I inch If the lol-e It verticil 
and presverj moo'h downward into water iOUil the late of (he lube it IrrrI 
With the enrfscc of the water 
r-fd* 21 inches 5 
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29. A column of air ia enclosed in a fine tnlie by a thread of mercury 
25 ems, long. The air-column is 5 cms. long nhen the tube is held verlicaiiy 
with its open end uppermost. On inveiting the tube, tbs air-column measures 
10 ems, Find the atmospheric pressure. 


[Hints. (F-b2S)>.5=(/>-2S)xlO. Z. P=7S cms. oC mercury.] 


30, A narro 
end is a thread 



iw tube with uniform bore is closed at one end, and at the other 
of mercury of known length. The tube is held vertical with 
(i) up, (ii) down. Show how the barometric height can be 
the positions of the thread, esuming that Bovic's Law holds. 

(Pat. 1930, ■•47; Gau. 1935) 


31, How would you test, whctlier the apace above the mercury column in 
a harometer tube containa air or not? Show how a correction for the reading 
of a barometer containing soiue air above the mcrcuiy^Kilumn may be found, when 
no otlier barometer is available. (JI. U. 19 j7) 


32. A barometer whose cross-seclioBal area is one sq. cm. bas a little air 
ia the space above the mercury. .It ia found to read 7/ cms. when the true lieiglit 
ie 78 cms,, and 71 cms. when the tnj« height ic 71'8 cms. Determine the volume 
of the air present in tbc tube measured iiader the former conditions. 

(C. U. 1937; And. U. 1952) 


[Hints.— (78-77) F«(7l-8-71) { r+(Tr-71)Xl} ; whence Fw24 e.c, 


If the Toliime of sir present is measured under normal conditions, its 
value (v) will be given by { 24x(78— 77) ^ wvxTd, whence o=0'31 c.o.J 


CHAPTJIR XUI 

APPLICATION OF AIR PRESSURES : PUMPS 

Air and Water-Pumps, Siphon, Diving-Bell 

319. The Valves: — A valve is a trap door hinged in such a way 
that tvhen a fluid presses on one side, it opens up a little way and 



Pig. igil — Some DiBercnt Types of Valves. 

allows the fluid to pass through, but it shuts up the opening when the 
fluid presses on the o.ther side. Thus a valve alloivs the passage 



l.S7UL\nHljtTB l-IITSlCa 


1-.M 


possible. MoTeo'.er, at a enunn SMxe v.lten the pesut 
re^nver becomes very lose, it cannot open the first 
no ptrlher evacuation u 


re of air in the 
talve a, after 


323. Filler Pomp (m Water 3ct Pump):— It ii .m cNliaust npc 
of air-pump crJtnarUy made of elasj anti is incc! wlicn the degree 
of \acuiim rcfluirecl h not lov>et ihusn atiouc 7 mm. Its sretial fcaiuie 
IS that it needs no acteiition. ‘ 


The nump is shetin in Fig. 107. TIic side-mhc n is cnnticcicd 
'Util a rubber tubing to ihc scssel intended for esneuation. TIic Upper 
end of the 'criical tube A ntiicli taper* he!o«v and ciiJi 
in the noaile N is conneciei! to the n.iter m.ains, the 
pressure of "Well should remain constant As a 
3t.*flng jet of uatcr forees out of ilie n’ztlc with a 
scry high «pccd, some air from around the notrle ii 
also eni.sngled and carried douii ihe lube The 
draught produecd tlierehy drax'i out the nit from 
wnhin the sessel at die same laie 

324. Condensing (or Compression) Punipi— 
Tins pump IS used lor vom]);e‘diig a r into a scs'el 
usually rcfcrrctl to os a receiver It eons sis of a 
Kie 107— barrel /IB tn "hich a pistun P "orV* (Fig 111"’) 'll'c 

FiUtr i omp barrel is connected to the receiver R into "hieli an 

is compressed Both the piston and the end 
of the batrd loritaia talves b and a rcsgtcaic- 
If opening towards the receiver So. it « lih 
on rxbausi-pump trsih the vofvCs reversed 
There IS a stop-cock. T at tlic itiauth of 
the receiver which mar be clove I a'tcr 
the retjulfcd .imoiint of tomiircsMon is 

attained 

Action. — The pi'ton b morrJ ouiw.irJ* 

(t’oihd'ard stroke) and inw.irds {forscard strokei 
alternaiciv 

Backward ilroke.— To start with, the 
I'ision P IS at the end B of the barrel, and a> 

It is moved up. the pressure of atr in the bar-cl 
bciovv the piston f-sus ; the value a is cio'c 1 
by the pressure of an in the receiver; ilic 
atmospheric air aciing on the oilier ‘i le of 
the pivton opens the piston valve b ; and the 
barrel is filled up with air at the auiiospbc-U 
pressure 

Fonrard rtroke. — To starr with the pist-n 
P is near the top A of the barrel, and av it i' 




>1E IK 
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inovc<I down, valve b is dosed at some stage when the pre'sure 
within the barrel below it exceeds the atmospheric pressure and the 
compressed air in the barrel enters the receiver by forcing the valve 
a open. Greater compressions are required at each new forward 
stroke to enable the air to enter the receiver, as the pressure within 
it increases when the strokes arc repeated. 

325. The Densily and Pressure of Air in the Receiver after n 
Nmfaer of Strokes; — 

Let i^=vQlume of the reedver and the connecting tube; 

= volume of the barrel between the higher and the lower valves : 

d=density of atmospheric air; rfn=density of air in the receiver 
after n strokes. The mass of air originally present in the rcccivcrt^F.d. 

At each do'vn-stroke. a volume of a'r at atnwspheric density d 
enters the recci\'er. Hence after « complete strokes mas* of air ia 
the receiYet=(K+RF,)d. But its volume is V. 

If the temperature remains constant, the pressure will be directly 
proportional to density. 

If Pn be the pressure in the receiver after « strokes and P the 
original pressure, we have 

atmospheres. 

326. Difference between the Compression and the Edianst- 
Pomp: — (1) Both the pumps arc provided with a valve in the 
piston and a valve at the end of the barrel. But the difference ia 
their construction is that in the compression pump both these valves 
open towards the side of the receiver tvhilc in the exhaust-pump 
they open up in the opposite direction. (2) In the compression pump 
a quantity of air, whose volume is the same as that of the barrel, is 
forced into the receiver at each stroke, and as air from outside easily, 
enters the barrel on every backward stroke, the density of the air 
which is forced into the receiver at each inward stroke, is always 
the same as chat of die outside air and consequently the mass of air 
•admitted per stroke is constant. But in the exhaust-pump, the- 
density of air extracted from the receiver diminishes with each stroke, 
though the volume may be the same, and hence the mass of air 
withdrawn per stroke diminishes as evacuation proceeds. 

327. Compression Fcinp in different Forms: — 

(a) The Bicycle Pump. — An ordinary bicycle pump (Fig. 199) • 
is an example of the simplest kind of a compression pump. It is 
made of a vulcanite or mc^ cylinder B with a piston P inside, which 
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19 fitted Hit}i a eup-ahapcd Icathee waslict IK, tlic rim o{ the enj' 
being directed towards bottom of tlic pittiip. Diiiing the uji-iirobe 
(left tigure), the cup 
collapses inuariis, 
the pressure bcio^v 
gradually falling 
more and mere 
beloM atmosphere 

ji.insion of the 
enclosed sir, and 
air from ahose 

E asset down readily 
etiteen llie uaslier 
and the ttall of the 
t^lindei into titc! 
li»»cr part of the 
barrel, anil during 
the doskn-strok.e 
flight fiKUte), the 
increased presiure 
of air presses the 
leather ttasher IK 
ait-tlght ftgaintc the 
tsalls of the cylinder 
and so no inside air 
(.m pass out. As 
the piston is ^tishctl 
dov'n, the air pres- 
sure bciomcs greater 
and it forces its 



(housed 
pressure 
tube is 


in an outer jaclct. called the tyre) tihen the increased r 
IS siifTicient jo open up an irifet vnlvc with vshich the i 
protided 


The connector of the pump is screwcil on to this iak-e Tills 
latter consists of a narrow metal tube r lined up inside vith a 
rubber taUc hating a central bore ending in a small Itole at the side 
tthich is rorntally closed by a flapping pan S acting at the iMifc. 
During the iip-strote of the pi'ton. iKc ptessure of the air in the air 
tube presses the closing (lap of the rubber taltc tthicli seals up the 
small side hole, and so the air cannot flnit lack from the air tube 
into the pump. During the drrrn’slroLr, the compresterl air In the 
pump forces its way through tlic sroall hole deflecting the closing 
flap and enters the air tube. 
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(b) Football Inflator. — ^This is also a cotnprcssioa pump similar 
in action to the bicycle pump. The difference in construction is 
that the inlet valve is different in coDStiuction and forms a 
part of the bottom of the barrel of the pump called 
.nozzle. The nozale 
N [Fig. 200] is _ a 
metal tube of special 
design [entirely 
closed at the delivery 
end except for two 
slanting holes (S', S.) 
vtliich can communi- 
cate with tile rubber 
bladder of the foot- 
hall so that it can be 
•easily introduced 
into the neck of the 
rubber bladder with 
which the grip 
should be t i g n t. 

The central hole in 
the nozzle is conver- 
gent-divergent and 
a solid ball C can 
fully shut up the 
throjit of the nozzle 
and is not carried 
past it while moving 
towards the barrel. 

(During the up-stroke 
(left figure) the 
greater pressure of 
the air in the bladder 
forces the ball G to 
close the diroat and 
:SD no air from die bladder can leave it. During the down-stroke, 
the air pressure below the leather washer IV in the piston gradually 
increases and pushes the ball forward, but the latter is caught up 
finally by the delivery end of the nozzle, and at that position, suffi- 
cient gap for the forced air to pass through the two slanting holes 
is stiE left at the sides. 



328. Some uses of Compressed Air: — 

The Soda-water macliiuc acts as a compression pump. It forces 
carbon dioxide gas into a bottle containing ivatcr. The ivater 
absorbs the gas and is said to be aerated. This water is ordinarily 
caEed sodanvater. 


1^{7EXXIE01UE Fin Sice 


MS 

Ad ftir-goa maj be rcgaidcd as a compression niimp uiihout 
aoy ^ahc. At each strobe some mnre air is forceii into liaml 
of the gun and becomes comptnsed When suddenly released, the 
compressed air expands with a great force. 'Hni force is use f in 
<nr-gi4ns, when the released liigli pressure air worLs upon a spring 
which shrosNs out ihe holltt at a great force. 


If the air in an air-gun is released slowly, then a steady force 
may be obtained and this may be applied against n surface. The 
‘WcsliDghousc ODlomatic brabe’ employed in some trains works on 
this principle. 


In the air-ciuhlon. wliitli is nothing but a Jtollotv rtibher bag 
having a connecting norctc fitted with 
, a sahe or stop-eoel, air Is comnreise ! 
into the bag by means of a conJens nsT 
pump and liie comprwsed air serves 
as ilie cusion. 



Compressed air is ii«<(l in the 
sir-brash for iptaeing paints nn amooih 
surfaces witiiout leaving brush tnatks. 


In Oil store* air is pumped hy et 
hand-driven comp’c'sion pumn into a 
pot which forecs the oil to fi<c nlvng 
a vertical tube fFii liOOloll Hus oil 


vertical tube fFtg liOOlol) Hus oil 
mining m rnntact with a hot lurfacc 
s converted into vapour and burns. 


Compresved air i» widely used in working wliat arc known a* 
pneumatic toolr, eg t!nlls etc used in <|iiarrylng, street repuirs. etc 


Examples, (l) Tht Serrr/ and rrcoice of a »eiirfrn»inp p,»n/> S<7re rnjvtnlitt 
fff ?S e.e. and 1000 e « nrpa-ttrily tlav wflaj tlraltt wiTJ b* f» 7 t<ir«if la tout 
tA« pr«»jare of l/i« air in I*« tttttttrfnm one to f»»r otwos/iirrei’ <C C' I5?il 

Presnura after n etrokes, /*n3s (-5) •toio'phern, vrfctf* 

VjbVoloRie of t)ie tarrel nnj F bsoIoedo of ibe rrccirer 

• 4 - \ , or. ISObJk. or. »»40 

(r) // tJS« ft'ttru'e •' ® fmmjt terre rrdwr'il ta 1 of Me ptitivrr 

in j efroZer. to vhat vould M ha atdvati v« 6 alyolriv irot. I^Jf! 
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• Pressure P, after 4 strokes Is pven by, P, rvhere 

P=origina! preisure, V=veilBnie of Ihc receiver, and r' = volume of the barrel. 
But p,=ip; or _L \- 

‘ ^ 3-U-PP'/ ^ V + t^-VS’ 

All.! 6 =1,01,.., P. (i) -P. -‘,P. J 


3vf3 


3^5 ' 
e original pressure. 


329. TTic Water Pumps: — These are instruments for raising 
water from a lower to a higher level, most of which depend on the 
principle that the atmospheric pressure is capable of supporting a 
column of water up to a height equal to the height of the water- 
barometer. This principle will be dear by considering the acdon of 
an ordinary syringe. 


The Syringe. — It is an instrument the working of which 
depends on the atmospheric pressure. It is the simplest type of water 

S . It consists of a hollow glass or metal cylinder ending in' a 
j and provided with a ivaicr-tighc piston. When the piston is 
drawn up from its lowest position in the cylinder (the nozale being 
dipped under a lii^uid). a partial vacuum is created ivithin the 
cylinder below the piston. So die atmosoheric pressure acting on 
the liquid surface outside the nozzle becomes greater than the 
pressure inside the cylinder and thus the liquid is pushed up into 
Che cylinder. After su/hdent liquid has been drawn into the 
syrinijc, it is removed; when owing to the greater external pressure, 
the liouid cannot escape through tlie nozzle. When the piston is 
pushed down, the pressure inside becomes greater and so the liquid 
IS. forced out. This is the underlving prindple of all the pumps, 
which arc described below, in which the water is .said to rise hy 
miction. The drinking of litfuid by drawing it through a straw tube 
is also a familiar example of the prhiciple of suction. 

Pen-filler. — The ordinary pen-filler used for fountain pens, tvhich 
consists of a rubber bulb fitted at one end of a piece of glass tubing 
drawn out to a iec, works on the same principle as above. On com- 
pressing the bulb some air from inside the tube is driven out, md 
when the fet is noiv placed in the ink and the pressure on the bulb 
released, ink rises up into the tube due to the externa! pressure on 
the ink surface being greater than the pressure inside the tube. 

In the self-filling fountain pen, the filler is inside the pen. It 
consists of a long rubber bag which is compressed bv pulling out a 
metallic lever in the side of die barrel of the pen. The lever presses 
a metal strip against the bag and this drives out some air. On 
reinstating the lever after immersing the nib in ink, the pressure is 
released and so some ink is drawn up into the pen. 
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350. CoinniOD or Snctlon Panp (Tabc-ncll lim- . 

u l»kc an ordinary syringe niOi an extended nozzle T tt 

beneath the surface D of thc; ' ' 
be nited (Fig i.'CH) 'Fhc nozzi 
pipe, IS connictctl at llic Lotiorti 
bARcl. ot evUndvr in v.hi<.h t, - 
P norlkS. iTno saltes or trap 0 
and b opening upuards arc fitted 
ai the bottom of the band, .and 
other Hiilim the pi<icn. There i 
exit spout E at Che top of the Inm. 

Artkm.— As ilic pitton n totsfd t 
during the first iip-sitoVe, tlie 
■n<idc the barrel l<c1o« the pulon fall 
the lahc a open* due to the grratei 
pressure of the ait mside the pipe T and 
Ztnm.sCrelt (hr s.abc b clours due to thc atmospheru. 

r»g. »1— The Corasron pressute (v.hsch is greater) acting from 

I’ump abose Thc pressure on the surface ul 

water in the pipe 11 thus less than thc 
atoiuspherfc pretsiife which acts upon the water outside the pipe. So, 
the water Is forced up into the pipe 

Ai the pitton comes dovn during the down-stroke the valie a 
is closed by the weight of the water above, and the water m the 
barrel being compressed escapes ihrouch the \alie b Further 
pumping will raise more water into the barrel and finally water will 
rush ihrtnigh thc sahe b at thc d<rwn>siroLe and flow out by ihe 
spout at die up-stroke. 

One diiadvantaar of thin fump is that tt gifci only an intermit' 
tent tUscharge (on iift-strote onlr). 

331. Llmitalion of (he Sudion Pomp: — It should he noted 
ihar waitr is rai'Cil m thc lube fjv the attnosphcTiC pressure, and 
the atmospheric pressure con support a vertical column of mercury 
ftO inihes in lengUi. and a column of ivatcr (130 k 13 C)inches, or 31 ft. 
long ; so the ‘bead of ttufer’ above the voter surface, 1 e. the dittance 
between ihe tvke 'o' and the sttrface of vater 'IP »ii'»r not exceed ihe 
height of the v-ater-baromeler, that « to iof, 31 feet. In piactice 
however, the height is lev* than 31 feet (practically alwut 23 ft. onic). 
as i{w caKes hate got weight and the pvimp is never absolutely -air- 
tight. This kind of pump is now being widely used in the tubc-well. 



F. camples, {t) IT Aat m tAr ifivcAar^c •/ u jwimp Acrt'ij o diem' I 
« 0/ • and vorltd et tkt tatt »/ SO itrotri j-tt misul 


«/ I 


The velntne of the tairel «f She p»«p = cX(i)'X2««l 5711 eo. fl. 


In t eiaele •clinz ponip. full tb« number of itrcke* per minute u enlv 
effertue in .liirbiejttn)’ wiier Hence volume ei Iiqairl discuarjeil per toinn** 
«»l5T14x cu It. 
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rahe fr. At the time of the tlischasTge of wsict on the do%Mj-5lrol*e. some 
natcr is collected into the air>chanibcr nhich compresses the in»idc 
air. On the upstroke the compressed atr etpandi and forces the 
water below ii la flow up the pipe of the air- 
chamber and thus a continuous flow is obtained 
[Note. — Appl}ing suflicient force to the 
handle of the phhtn, ssaier can be raised to 
if the machine be strong. If the 
height be \ety p^at, then water ran be col- 
Icned by one pump into a rcsersoir at a 
cmain height from which it can be raisnl ng.tin 
by a second piimf.) 

Fire-Engines.— These arc u«eri for extin* 
guishittg fitc and arc merely machlnc-Hrhen 
force-pumps. With the help of an air-chamber 
as desertbed above a continuous flow of watti 
IS obtained from these pumps. 

In the present form of the ftre-engine, the 
P*s. 2<M conunuiiy of the flow of water 1$ maintained 

more ofTiciently by meani of two fotce putopt 
connected to a common ait<hambcr and working with atiernaung 
strokes, I e. when one piston moves down, the other moves up. 

In the most modern types, a continuous flo" of water » supplcl 
by means of a rotary centrifugal pump operated by petrol or electric 
power. 

Afaxinium Height to which water cm be raised by Suction and 
Force Pumps.— The suction pomp depends on the attnospheri- 
pressure for its working, and the height to which it can taise water 
IS rhcrcforc limited to 3-1 ft. iheoreiically— much less in .setua! 
pr.icticc. 

In a force pump, pressure is directly applied to the liquid bv 
means of a piston, and the action of the pump is rot ihercfure 
dependent cn the atmoipberic pressnre Tlie height to which water 
can be r.ahcd by such a pump depends on the strength of its part* 
and the power applied (band, steam, or electric). The tnaximiiin 
height to vildch it is sale to rai« water in this way l«. howeser. 
about 800 /l There is no valve in the piston of a force pump 
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334. The Rotary Pamp i — A pump of the rotary class 
valuable for use where lade of space prevents the adoption of a 
ordinary plunger pump. Its 
discharge is continuous and. 
can be worked over a wide 
range of speeds. Moreover, a 
rotary exhaust-pump is superior 
to a piston-pump, for it is 
simpler, faster and can pro- 
duce liiglier vacua. Its princi- 
pal disadvantage is due to leak- 
age past the rotating surfaces, 
whicn results in loss of effi- 
ciency. 

The prindplc of a Hyvac- 
rotary pump is Qlustratcd in 
Fig. 205. Such a pump can be 
used 10 reduce the pressure in 
a vessel to about O'OOl mm. of 
mercury. 

A cylinclrical drum D acts 
in it as rotor and it is mounted 
eccentrically to a shaft S 
which passes along the axis of 



Tig. SOS—Tlie Dotary Fump. 


. ^ ylindcr C The shaft is rotated 

by an clccmic motor. Tlie drum and the cylinder arc machined 
accurately such that the surface of the drum just slides on the inner 
surface of the cylinder as the shaft rotates. In the figure the line 
of contact is shotvn by L at some instant of time. P, is the entrance 
port through which air from the vessel to he evacuated enters into ■ 
the cylinder, and die exit port through which the air leaves die 
cylinder. The exit port P, is {vovided widi a simple valve F opening 
only outwards, A scraping vane K is constantly pressed on to the 
drum, between the entrance and exit ports, by the action of a spring 
P, uiiatever be the position of the eccentric drum in course of its 
rotation. The ivhole arrangenreiil is immersed in some oil of low 
vapour pre.ssure contained in a box as shown in the figure. Pipe E 
connected to the entrance port projects out to be connected to the 
vessel intended for evacuation. The oil lubricates the shaft and 
prevents air leakage along the shaft into the high vacuum in the 
cylinder. 


Tlic drum D, as shown, is rotated in the clockwise direction at 
the rate of a few hundred rcvolurioos per minute. At the instant 
shown in the figure, the volume, on the entrance side of the line of 
contact L, i.e. at the tail cud of die rotor, is increasing and so the 
pressure diminishing thereby causes the air in the vessel to flow into 
it. On the other hand, the volume, on the exit side of L, i.e. at the 
head end of tlic rotor, is decreasing. This means that the air in front 
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of ihe rotor is driven out ihtough die exit \aUe V. The scraper 
vane JC prevents any air from flowing from the head end of die rotor 
to its tail cntL 

As the rotor D continues to rotate, a time comes when the line 
of contact L passes the exit port P,. So the exit port ilicn hecomei 
exposed to the vessel to be csacuated and the atmospheric rtessure 
closes live \alvc X'. Soon after the line of coniatt passes alto the 
cntr.ince port P„ tvhen the volume of air in front begins to lie swept 
out again as in the picviotia cycle. 

33^(a). Langmair^ Condeasaiion Pump 


£ tn vessel P which is cover- 
ed l>y a water-jacket /. niu 
romJvnscd mercury returns to 
/I through R. 'jfie bulb A 
and ihc rube ii are ligsed 
witli dsbcstns in prevent the 
inercuiy V3|x)iir from cun- 
densing before it issues 
thcougli £' The vessel to 
evacuated is connected to F 
(lirretly nr ihrougli a Iirjiiiil 
air-trap T (wliuii is panly 
vtivnvcrsed in liQvml avr con- 
lainesl in a Uew.vr HasL.^ 
wherein the mercury atoms 
(liifiising through /' mav Ijc 
condensed. The vessel P is connected at the bottom ilmitigh the 
side tube iV to a fore-pump which reduce* the pressure in the vessel 
to about 1 mm of mercury before the difluviun-conclcnsaiioii pump 
begins to operate 

If there is a large concentration of incrcury vapour in ilic vessel 
P above the level of the jet E, it would tend to cut down ibe speed 
of pumping because the gas molecules will then have to diffuse 
through mercury before coming m contact with the stream of the 
jet. So the level of water in the jacket / should always lie sulll- 
tiendy above the level of die jet E. 

Such a pump can produce a samum of the order of lo 10^' 
mm. of mercury depending on the design Without the hejuid air 
trap T, the mercury atoms diffuse into the icsscl to be evacutcJ and 
pressure reduction will be less. 



Mercury in die bulb A 
(Fig. ^’Ou{<rl} is boiled hy 
heating with a gas burner or 
by an electric heater. The 
vapour passes through 71 and 
issues out dirougli the orifice 
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The dimensioa of the connecdog tubes are importanc in deter- 
miaiag the speed of exhaustion. TTie connecting tubes should be 
short and wide for high speed of evacuadon. 

Instead of mercury, organic liquids (oilsj with high boiling points 
and low vapour pressures are now-^'days increasingly used in such 
pumps. 

335. The Centrifugal Ptnnp : — It is also a rotary pump tvith 

continuous discharge and can be worked over a wide range of speeds. 
It is suitable where a large volume of liquid is 
to be discharged against low heads and Is 
widely used in irrigation. 1 q a centrifugal 
pump, pressure energy is imparted to a mass 
of liquid, water ordinarily, by the rotadon of 
an impeller wheel. The wheel is formed of 
a number of curved blades (Fig. 200) wbicli 
entangles the liquid and revolves in a suitable 
casing. The liquid passes from a suction 
pipe into the centre or eye, as it is called, of 
the impeller. As the wheel is rotated, say, 
by an electric motor or any other device, the 
liquid acquires a high whirling velocity, result- 
ing in an inaease of pressure in a radial 
direction outwards and a tendency to out- '*8' Z0&— 

ward flow due to centrifugal action. Thus the ^ Centiifugal Pump, 
velocity is reduced and changed to prewure. 

If the speed of rotation is sufficiently high, the increase in pressure 
becomes large enough to more than ualatice the static head (provided 
it is low) against which it is to act and .the flow_ takes place. Tliis 
reduces the pressure and causes die fluid to rise in the suction pipe 
and enter the wheel at its centre. The flow takes the liquid into 
an outer shell called the volute chamber which leads to the discharge 
outlet of the pump. 

336. The Siphon: — It consists of a bent tube with one of the 
arms AB longer than the other, CD (Fig. 207). The tube is first filled 
with the liquid to be drawn off ; xIk two ends arc then temporarily 
dosed with fingers, and the shorter 1^ is placed in the vessel to be 
emptied below the level of the liquid. On opening the two ends, tlie 
liquid begins to flow. 

Let P=atrQospheric pressure, <8=deiisity of the liquid and h, h’= 
vertical heights of D and B above die liquid surfaces on their sides. 

The pressure p, at D ur^ng the portion of the liquid at D to the 
kft=P-h dg. 

The pressure p^ at B urging die portion of the liquid at B to the 
right=P— h'dg. 

Vol. 1—20 




KirRMEWtn riirsic£ 




.'. fhc pre«jurc at /J>«lie pres- 
sure at /!. 

Hence tl>c «3ier /lows from I> to 
n ami ilic wncer from ilic scs‘d it 
raisctl br the niino'pheric prcssiirr to 
D for /illing up the \ac.ire\' sti caiiMil 
Thus the fiovr is Tnainuinul. 

(a) Conditions for the working 
•f ibe ^phon. — (1) In the beginning 
the uhote jube must he comiiliicly 
lilleil witli the liquid. 

Fie, 207— Th* Sii>hon. (3) The end A nf the loncer iiilc 

must be Mow tile Iftt! C of the 
lifixud in the sessci to lie entptictl ; oibciwi<c f<‘ will not be grcitcr 
than It nntl *o the ptessute at li «ill not be K*** than the prcs'iire si 
I) anil the liquid ntll not flms. 

(il) The height h' tmisi he Ua than ihe fietgfil of ihe corre»p(Jnrf- 
'”1! twonieii'T , o(h<r>M<e the prc«utc of tlic aimospiiere will 

not be abk to raise the liquid to O The greatest hnglit of h. in 
the ease of water. iv a I ft 

(1) The siphon nonid not ssork in sacmim. (or the ntmdsphcric 
pressure whidi raises the Jiipiid is non-enstcnt in a laiinim 



(b) Effect of making a bole ia the Siphon. — Wtien a hole is 
made at nnv point m the longer atm (I-1g lAiT) .ibnsc the siirfaic 
C of liquid in the tessel in which ilie slwirter leg is placed, the siplioit 
will cease to act, for. at ihe hole the pressute l.cinp .itinnsplicni, 
ilic pressure at li will iioi be less than d'c pressure .at /), .i ronilitioii 
winch must be fulfilled lo enable the iKjUid iio tluw Imni I) 
lowards li 


H. howe'er, a hole is masle at a point «r> AH hi'lnw ilir surface 
at C, ihe remainin’ poruon above 'hat |>'«'nt will «iil! form a ‘ijilmn 
and through ilie iiok the liquid will continue to flow 


Example, fl'f I'rn rrmt nf a Uffinn hnrtu nn inlr. 
nrr /i O'ltl A ta Fir tfnrl 

e r.i n i/'prA nf J tnFfttt f'Mrvtni* tAn rtArtlyf' 

efnn tAf tjmnuni o/ fhr tArovyk iAn ttpii' 


Ina The flow of Ihe /|erwr»*l» Pi^wi Ihe Iwi.U 

So wr hvsB from iho l>« ot filling ilie »rl 

r= ^'251^'-*) 

llriB A'i:l2 incliei-I fc . A. le the *«’tm! I>e.,:!il i 

«=( 3 — 2 j = 6 !nclie«r .&5 ft 

r- ^/2x532(l-i>5j-S67 fi j." « 
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Tie amount of licjuid cliscbarged in ons sec.=velodt/ of flowxcross-scctional 
area of the tiibe=5'67x | s- ^‘-=^'^24 cu. ft, 

337. The Intermittent Siphon: — Fig. 208 represents an inter- 
mittent siphon, H'hidi is an example of the appli- 
cadon of the principle of a nphon. The vessel is 
at first empty, but as any liquid is ponred into it, 
and the level of ihc liquid ^raduaUy reaches the 
top of the bend, the liquid will bi^u to flow to O. 

If the supply of the liquid is disconriuued, or the 
liquid escapes faster than ii is supplied lo the 
vessel, the flow will cease as soon as the shorter 
branch no longer dips in the liquid. But die flow • 206— Ths 

will, however, resume when the level of the liquid Intcmittcnt Siphon, 
reaches the bend again on the supply bdng 
■ restored. 

—The above principle is applied in the toy siphon, 
known as the Tantalus Cup, in which the siphon 
is concealed inside the figure of Tantalus, placed 
Inside n vessel. It is seen that the bend of the 
siphon is just below the lower lip of the figure 
(Kg. 209). As water Is poured, the level of tvatc.' 
in the shorter branch of the siphon rises gradiirr; • 
until it reaches the top of the bend. f r. h'-, 
bcncadi the lips of Tantalus, when the wntiv 
flow out keeping Tantalus thirsty for ever. 

Aatomatic flosbes. — The same 
also applied in automatic flushes firt.',-! 
latrines etc. A siphon is fitted ■ 
is emptied as soon as water fill? t'r.' 


Tantalus Cup.- 



Pijf. 203^Tantalus^ 
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and this tension incieases. as the bell sinVs more and niofc and die 
vciglit of displaced nater becomes less. 

Taken SI ft. as the Imglii of tlie «atcr"baronictcr, the pressure 
of all v.itliin the bell at 9 depth »t M ft v.iU be ‘d^tmotphttw, con- 
sequently, the volume of air is halted, and theteaier tsoulcl rise half* 
svay up the diving-bell. As this is obtiously inconvenient for the 
workmen Inside the bell, a constant supply of fresh atr is pumped 
into the bell through a pipe in order to prevent water from entering 
the chamber and also to enable the workmen ]o breathe. 


Eiamptn. (r) A srAoic 

ItJam iSr nrfaet of tml eont»n 


nrfafi of Hi /(Til ii 


0 <At tottlet T/e AnjrAt oJ a tarowUr at tS' 
nod til ip. ‘JT. «f mtrruTji d ISC. (!W. IfJS) 


The loluRie ct lh« tip uisiOe the botllf. when ICO tx. of waipi rushrs la 
-S00-100 « 400 c«. [ 

If I' be the pressare ut cms. when tbt Tolume ol Die tadosed air is 400 e e. 
llipn V Bojlp'a I-sw, /'x405»?0x50i>; cr. Jt)3 cmi. 




«i«r(pd t>; wetrr onlrs3S-TCi>10 
rnw of eelpp. ( • Alinm i>rTMa7SimiJ 
The bottU nest be sunli below 2284 tmt. e( weier 
(tf) find to leAat il'ptK a tftnog-CeU muit h Uvtrtd into ifotfr iS srrfpp Hot 
lit ro/i/me of o\f ttmlomtd mng bt diminubfd b</ o>e jvmlrr, lii frnylA of the 
KH btio^ S mttrei, elneiphtna pftiiurt 7(0 mm, of tn'ppupy, end Iki ip ipr. of 
t-utcurp iS-e. (Pal. fJJ3) 

LoDpth of the bplls3 mrtrrasSXS rms 

II P be the totxl prtssare la rme when the lell ■■ lowered into osier In 
order io dimiiuih it* solsioe b? one qvarter, we base, bx Doyle's Lew, 

(3»Xs)x76=:(]xS«)xa)x/*. where a u the arre of the beie of tl.e WII. 
75v4 . , _ 76X4X136 


p= “j” *1"* ®f ffr = 

The prtsanre esrrtrd by wster wdy 




I WMU (76xi:t)} 

The volome cl sir inside boas diminwhed \j c®e qosrtpr, tho heiphl 
wetpp tanae the "benwixSiCwTi cmt., «!& so the trDgfn ot bit noiJ 

<JX300) = (3 x 7S] ems. 

The depth to which the Iwtt is Ihwerrd, f.e. the b«sM cf «*l»r f 
tbe lerfiec up to the lop of tbs beOw ^ ^ —13x75) J croi -lltJ'SS n 
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339. Otto von Guericke (1602 — 1686); — He iras a German 
Ia^vye^, Senator and Physidst. Ifc was born at Magdeburg, descen- 
dent of a noble family. During Tilly’s 
siege of Magdeburg (1631) he acted as 
‘•Defence or war-lord” of his oaure 
town. Wlien HJly was driven ofi, and 
his native town came under Swedish, 
protection, he helped in rebuilding the 
bridges and fortifications of his native 
io;vn the well-being of which was his 
, constant anxiety. He was appointed 
its Burgomaster in 1646. Without the 
requisite scientific knowledge, be start- 
ed experiments which he did not leave 
before success came to Wra- His rank- 
ing with great sdcntisis 1$ not due to 
his inventioa of the air-pump but bow 
he conceived to make use ot the same 

in solving outstanding problems in 

nature. He had a special {asdnadon for large apparatuses for his 
experiments so that the uomitiaied might be attracted. The dis- 
coveries of Galileo, Pascal and Torricelli generated an urge in him 
for producing the first vacuum and be inrented the first air-pump. 
In the year 1654 he performed before the emperor, Ferdinand III, 
his famous experiment of the Magdeburg hemispheres to prove that 
air has weight and exerts pressure, it is said that nvq teams of 
nventy-fbur horses, a team on either side, were required to separate 
two hemispheres, when the air was pumped out from within. Boyle 
made use of Guericke's pump to prove the law which bears his name. 
Guericke made other inventions too. He discovered electrical repul- 
sion for the first time and constructed also a hictional machine wMch 
Leibniz used and thereby produced electric sparks for the first time. 
From his studies in astronoiny he predicted the periodic return of 
comets. He is said to have derised a water-barometer by which the 
approacli of storms could be forecast. He died at the age of 84 in 
Hamburg. 


Otto Voa Guscicke 


Questions 


1. Describe in detail i 
(C. U. 


in air-pnmp giving a diag 
19S; Pat. iSBS, '29, 'i' 


'cam and c.^plain its actii 
; P. U. 1929; TJ. P. B. 


1950| 


-■\fter four strokes the density of the air in the receiver of an air-pump is 
found to bear to its original density the ratio of 256 to 625. 'What is the ratio 
of the volnmc of the barrel to that of the receiver? (C. TJ. 1923) 

[An>. 1:4] 


2. Describe briefly the action of the air-pump in its simplest lorm and 
explain hoii* the degree of rarefaction produced hy a given iiiunbcr of strokes can 
be approiinutdv calculated. Can the apparatus yoo describe create perfect 
vacanm? If not', why? (Pat. 1951, '36, '41; P. TJ. 1931) 



ixTrsMEnnTr rihsJcs 


ironicttr vithin (he trcriver rea<^ (lie oulinte jire 
(Ilmti. »p»«n ) 

4 Comcare «he r”<’U'ea in llic Hvenera of 


ceoce IQ form of the (wo <Kprea<iona. 
n elouble Larrrilotl all pomp anj «(|i)iin <l> 


7. A niereurv Laromelee ii m (he roetttet of aa 
beipht ij 7S cm> ' After (wo alrules Ih* liocbt ■< 73 ri 
(en iiroStca* (N'eslert the lolune of the Parameter ) 

[ {«'. &8 crnj appme.} 

8 Wine a abort note «n "Filtet pump'. 


0 What <Io jcu raean by a rompmei'Wi puntp* Tile two conitnon caamtilei. 
Dtaeribe «ith a aiacram the worbiac of an eriJmiiy bio^l* fuixp an^J (he artien 
of the talre in (he bcryrte lobe (0 V iSfiSi 

30. Drierile n detail wi(li a diaeram a eondenairiK pomp 


12 Dcieribe and explain (be aedon o( a biercte pumo Uhil la tli' 
dinarenee Wiween aarb a pump aed an ordmaiy exiiaail pump' Ii'at >oS3i 

J3 Siplain (lie mode of aelioo «l a football mltalini; pump (fat 1933) 

14 DeKrilie a iiiciinn pomp Water eannnl be raiaril tii a liriftht inurh 
crralcr than J4 ft by meaas of meli a punp Slate the rearon for thie njl 
daeeribe » laboratory expcrireent hv which yea proie ’oor exjilmation to W 
cortrcl, (C. r. 1930. Dae. lW2i rf V V U 1961) 

fS Doaeiibe in detail with a Jiacram a oomiaon pump ami ila nude ol 
action la there any limit to the driitli fiora wliirdi it ran reiie water* 

IC V 1924; Pat IWS.TXtc !»:) 

16 lltplain clearly the tiorkin;; of the utual l/pea of blit or IVrcc piimi-r 
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19. Kame tlifiprcnl kinds of pmnjis for prodncing higl> vacoum. EspJain tbs 
coTisIruclioii Bud »-ori;iag, with bdp of a diagram, of any 0D« ol them. 

(R. V. 1952) 

20. Explain the action of a siphon. 

(C. D. 19a, 37; Pat. 1921; Dac. 1926; Ail. 1946) 

21. A aiphort is nsed to empty a cylindrical cessel filled with merctrry. 

The shorter limb of the siphon readies the bottom of the vessel which is 45 
inches deep, but il is found that mercoiy ceases to run before Ihe vessel is 
empty. E.vplairi this observation, and calcolate what fraction of the volume of 
the vessel will remain loll of mercurv. The barometric heiglit mav be taken as 
50 inches, ‘ (Pat. 1935; ef. C.'t!. 1926; Dac. 3930) 

Ant. Ei], 

22. EnpUin the principle and use of the siphon, and state hew the principle 

is osed in Tantalus Cap. (C. U. 1925) 
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iu icmperaiurc f.ilN. c\fq;i vxhm it m not chjiif’int; i(» «iaic 5Ucli 
"ater changinj* into s(<.jni, or water chaBjtiiig into ice, eic. 

(.3) C/mrigr of Dtnietfsion^A Imly. wlieilicr a solid, a liquid, 
or a gas*, expands im heating anil comraeti nn cooling. 

(1) Change of Com^nhoti {Chemical c/taiigc)— Many »iil)«- 
lancfs Lccomc tlKUiicaUv enaugeti when lit-iiiL'd. Sugar, fnr c'wmplc, 
''licit lioaUil tn a test tdlic, b turned into catlxjn. which vs kit at the 
bottom of iht rube, and water toftoiir, which conclcnici at Ihi- 
top of the tube 

(.') Change o/ physical properties — Miny substances, "ben 
heated, hceoiue wcah po'*ibJj’ tine to eonic internal change in the 
arrangernent of thcjr moleoiles. Thus, iron, when healed to re.lnc'i, 
diRcts matctially fnitn ittvn ai otdinaiv temj'ctMurts. and ordinaTiW, 
glass when heated becomes we.iLeocil. 

(0) Eleeineol effeci — (i) Wlien by heating one of the tvso jurc- 
lions of n thermo-couple formal ol ts><» di'similar nictals. sav copper 
and iron, a difference of temperature is nroduecd beeween the jure* 
tiont, and tlecincnl current flows round the wires This is hnown as 
llterm^-eutTeiu (ii> U'hen heated, the tkclttcal rcsisiattte of a 
metal mtreascs 

5. Mensucvment of Tcmpenilurc: — \Ve can iia'v an idea al-niit 
the temperature of a bodv. tc. the dsprts of its hotness, by one 
sense of taiieli Hut the measurement uf temperature by tlic sense 
<it touch often giscs uiiftliabic and inaccurate results 

The scnsntian <lcpcn<i* upon. tkr ainoimr of heat Iraiisfcrreil 
ro the skin of the body fiom the »ubstaiiee luiiclirrl, whin ihc icin- 
pcraiure of the substance is higher than that of the Iwlv ; or from 
the skin to the substance, when the temperature o[ the utlnt.incc is 
lower than iliat uf die body, and s‘n (ji) l/ic conilnc/iiily of the 
substance, that is. on the rate at which heat ts cranifcnKl 

As this tensaiKin is not a safe guide for the eoftcec and nutnc-ical 
measurement of temperature, insrrunicms. calletl ihcrmomclcn, 
arc riciiscd fur the purpose. 

Sirittly speaking, temperature ii not a tuea'uralilc qii.mtitx. but 
for t.irioiis purposes' wc measure tt in some indirect wav We uiitiie 
one t»T the other of the pl*>»ical effects pToduced hv heat, as eniitrcra- 
tid in Art -I, foe measuring the temperature of a i-odv , for example, 
in mercury ihetnwneters tJie tXjwn*ion of tiicrcurv imiJc ilie tbermo- 
niticr is used to indicate the tcntpcraiurc Dificrtnt tips-" of 
•icem'WTicivts dcjiendint; on dw: diffetent efftets of heat hate Lcetl 
constructed and each di/Tcrint type has it* own mmis -snil dcmeril* 
and its own range of use 
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6. Choice of Thermometric Substance : — In selecting the mate- 
rial for the construction of a thertnometer, it is necessary to see that 
(aj the stibslatice alu^ays shotes the same temperature for the same 
hotness; (fcj the temperature changes continuously tvith the change 
of the degree of hotness; (c) the substance is convenient to use; 
id) ike change of the property, which is utilised for the measure- 
ment of temperature, is fairly large. Expansion of a substance with 
rise ot temperature, provided the former is uniform, is commonly 
utilised in ordinary thermometers. 


Some liquids arc suitable as thermometric substances, their expan- 
sions being fairly uniform and moderately large; solids expand little, 
ivhcrcas gases expand much raoie ; of all liquids mercury has been 
found to tic the best on account of its many advantages. 


It should however, be nofed (bat in all accoratc measure- 
ments of temperature, a gas (hcrmomclcr (vide Chapter IV) is 
always refened to as the standard in preference to all other 
thermometers. 

7. The Hypsometer h is a specially constructed constant 
temperature bath in which steam is generated under the existing 
atmospheric pressure by hcatinc water. The temperarure of the steam 
is related to the presmre antT has, therefore, a connection with the 
height of the place. So the apparatus is named a hypsometer which, 
in tJreok, means a 'measurer of height’. 

The apparatus consists of .1 brass vessel having an internal 
chamber B and an external chamber A around it closed at the bottom 
(Fig. 8). Tile interna! chamber is in communication with a boiler 
D placed below. An open-tube manometer M, connected as shown in 
the figure, is used to indicate the pressure of the vapour raised 
from the boiler. Ordinarily, water is taken as the boiler liquid. 
The top of the apparatus is covered except at central opening 
'vhich is dosed by a cork C. A thermometer T is inserted through 
a hole bored in the cork such that the bulb of the diermomcter is 
held above the liquid level in the boiler. The hot steam rises up in 
the inner chamber and then passes down the outer one. as shown in 
ihe figure, to escape finally into the atmosphere through an exit tube 
B provided at the hottom. The liquid formed by condensation of 
the escaping vapour is collected in a basin and can he used again in 
the boiler. The otitcr chamber, through which the hot steam passes 
down, protects the ste.im rising in the inner chamber from conden.sa- 
tion. The heating of the water boiler is so regulated that the liquid 
attains the same level in both the arms of the manometer. The 
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Steam pressure ihen equals the attnosplierjc pressure and 
tlic tcmpcratuic inriicated bv tlie tbermometer at this sta^e 
pises the teniperatMie o( bMitng of the liquid at the ph« 
cf obwiation. 

8. Construction of Mcrcuiy Thermometer:— A 
thick-stalled glass ttibc oC utit/orri rapillary tore stitli a 
hiilh B hIoi*n at one eiul is taken fFis- 1). At C, near the 
open end, the tube is heated and drawn out so as to make 
a nanow neck there. 

A small iunnci E is fitted at the open end by means 
of a pieec of lubber tnbing Some pure dry njcrtury 
is put iti the funticl E, but the mercury cannot get 
into the tube ottinR to the concatned ate and fineness of 
fig I the bore. Tlie bulb is heated pcntly to dritc out some of 
the nir in it. whieh on cooUnp. contracts m soliune, and 
the mttcuty from the funnel passes dowti live mbc into die bulb due 
to the aoiiosplicric pressure acung from above, which is greater than 
tile pressure inside This Process of aUnncle heating and cooUne 
Is repeated several times till suflicient rocrcuty enters to fill the bum 
nod some part of the tube The funnel is then taken away nnd the 
bulb IS strongly heated until the mercury (ills the whole of the tube, 
which is then quickly scaletl at C by a blow pipe flame Mercury 
having filled the entire tube, the tube it fiee ftom ait. On cooling, 
the mercury contracts, and, at ordinary room temperatures, fills (he 
bulb and a* part of the stem. Tlic rest o( the tu1>c contains only a 
negligible quantity of mctcury vaj*our. 

Three points are to be tcroembered regarding die ihetmwmetct 
eonsttucuon -- 

(1) The size of the bulb and the bore of die tube will depend 
upon die sensitivity of the rhermometer and the number of degree' 
•and dieir sub-divisiatis which the thetmomctei is to register ; that is. 
a jhcnnoineicr to read to l/5ih degree or l/lOdi degree mint base .a 
longer tube with a finer bore than a ihenromctrr reading only to I* 
('2) The quaniity of liquid used rhould be small so that it might 
take as iittle he.at as possible from the source whose icitipcraiiirc i' 
being recorded otherwise it will nsclf lower the temperature to be 
rcrorded 'I'lius the hull* should he small in iiZC. 

(3) Tlic hulb of the themooieter sliouhi be tnade thin so that he.y 
(tom live souice may niskkly pass theougtv to warm up the Uqui I this 
is necessary in order tliat ihe ihermomctcr may be quick in action 
GmdtUdon — ^The tube bchig filled ««!> mercury and sealed, 
should be left over for several days to cool ilown so that ii may recover 
its origin.nl volume. Only after such prtqier ageing' the lube may Lc 
egartied as tcadv for f^aduaston. The first step for graduation. 
Iiatever is the scale of tentncTature uvc«l, I« to mark on the stem liie 
positions for the mercury tnread corresponding m two definite icm- 
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peratuies. These are called the two fixed points of a thermometeri 
These arc defined and expcnmoitally determined as follows: — 

(i) The Lower Fixed Point (or Ice Point). — It is the temperature 
at which pure ice melts under the nomud atmospheric 
pressure. Since its variation with pressure is negli- 
gibly small, the ice-point is deietrxun^ under the ordi- 
nary atmospheric pressure and no correction is neces- 
sary. The funnel F (Fig. 2) contains powdered dis- 
tilled water ice washed with distilled water. A hole is 
made in this ice and the bulb of the thermometer T 
is inserted in it and die thermometer is held vertically 
in it by means of a stand. The mercury column des- 
cends and after some rime takes a stationary stand, 
when the position of iu top is marked on tM glass. 

This gives die lower fixed point. 

(ii) The Upper Fixed Point (or ftcam Point). — It is the tem- 
perature at which Mre water boils under the normal atmospherie 
pressure. It is usually determined under the ordinary atmospheric 
pressure and a pressure ccm'cciion is then made. In applying this 
pressure^ correction an empirical rule is followed, according to which 
the boiling point of pure water varies directly by 0'97*C, when the 
superincumbent pressure changes by one centimetre (in other words, 
the hoiling point of water increases or decreases by 1*C. due to an 
increase or uectease of pressure by about 27 mms, of mercury) near 
the normal atmospheric pressure. 



Fig. 2 


The tliermometcr T is inserted into the inner chamber of a hypso- 
meter (Fig, 3), leaving the upper part projecting out above the cork C, 
The boiler D contains water up jo a level below 
the bulb of the thermometer. It is heated and 
the steam generated from the boiling water 
beats up the mercury of the tliermometcr. TIic 
thermometer is held in the steam and not in 
the watCT, because the temperature of the 
water may be higher than that of. the steam 
corresponding to the existing atmospheric 
pressure due to any dissolved impurity, The 
heating is so r^ulatcd that the pressure of 
the steam may always be equal to the atmos- 
pheric pressure oujside, which is indicated by 
the equality of the mercury levels in the 
two arms of the manometer M. Wlico the 
Hg-top in the thermometer is observed to 
have become stationary, it is marked. 

Afte r locating the positions of the two 
fixed points on the stem, the interval between 
the two points, called the fondamcntal 



Fig. 3 — Hypson 
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latervali i* tU'.idcd into ai> appropriate mnnLer of nttiai pans, iJcj’tnd- 
»IK on the nature of the sr.ilc ol tnnpmtiire desircii. each |5ari teiti',' 
cailcd a dt-(?rec m that scale; each uegree may then he futtlicr sul>- 
<hijdc<l accurdiii!’ jo requirements. 

This method of marking assunic« that the f-ore of ihr iiif>c u 
uniform and that tfie Injuiti tuit/oriniy, 

Should Ihe Bore of the Tube be Unffonn Unle<s the lore i« 
tinlfurni. equal rise of meicury in the tube will not indicate equal 
rise of temperature and so the graduation shall h.nse to l,c done 
point to point througliom the Lore. Such .tetinn Iscin^ tctlioiis and 
costly, a tube of unifoun bore Is selected iu commercial practice. 

9. Sources of Error in a Mercury Thrrmomeler ; — (1) tVnn- 
tiiiiforiiuty of ihe Bor?— Each degree ol a thetnoinetcr represent- 
an equal change of tcmpcratoie. WTiai the [cmptratiire rises, the 
JiquKf column mo»rs alone the Imre of the ilierinomcicr and the 
movcttient of the liquid solunrn due to chatigv ol soUiirtv uf the liquil 
s'ill Le uniform, onlv if the bore is uniform, oihertMse c.icli equal 
length m the difTetwtt pans ol the sum vill not ttpre'cni equal 
change of timpcraidre 

(J) 7'empertfltirc of the F.tpoied — At the time of using 

a thtTiiionietir fur recording a lemperaiure, a part of the stem nhs.'isc 
remains outside (he subsianic sshose irmpcraurc is to Ik taken and 
its tcmpc‘r.iiucc thetefote js diffwcni {torn thM of the luilh and the 
rest of the stem hclnu ii So the icni|>eiatiire recorded S'lll Ik' 
loner ih.m tlu actual te mper.ature . .ind thus it n desirable to 
include much of the ston as }>o«<ihlc in-nk the suhstance 
curroetion for the exfo-ed p.-irt mav ihtn le applie 1 (iirfe ( liaptir III. 
Art. 3li 

(31 Chatit'c of Zero-— A ihcrniorocict placed in mchmi; itr often 
indicates a reading gieaiej than tlx freeamg paiii Thi^ »c due t* 
tlcfircssion of the freezing point mark sisiuig t” lonir.nnon of the 
tube and the bulb, 'sliiili takes place '•lowls user .i lung pcrinl 
.after the m.irkmg of the fixeil points To n'uul this the .licrniu- 
meter should he left out for a long time before the st.iles are 
marked 


10. Scales of Temperature There arc three sc.ilcs of 
tenipcraturc in ii‘c: Centigrade. Fahrenheit and Reaumur. 

fi) The CeiitigXftele fcale* acfurding tn «<>me writers. «.r« 
designed hr Dhiin of Sweden in 1710 and s'a' rcintrixliuc-ii hs 
Clirictcn in J715. Others the name of Andets Celsiiist 
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.in this connection. The zero of this scale corresponds to the melting 
point of pure ice, and die boiling of water under the normal 
atmospheric pressure is jahen as 100'. The interval betneen the 
live is divided into 100 equal parts. 

(ii) The Fahrenheit scale was devised by Fahrenheit, a German 
philosopher {)6S0 — 1730), at about 1709. The temperature of a 
freezing mixture of snow and common salt (which is much below the 
melting point of ice) is taken as the zero of his scale. The melting 
point of pure lee. according to the scale, is taken as 32°, and the 
boiling point of water as 212®. under normal atmospheric pressure. 
Thu interval between i]»c tno is divided into equal parts. 

(iii) Tile Reaumur scale was Introduced by Reaumur (1683 — 1757). 
a Frencli philusopher, in 1731. In it the melting point of ice is 
taken as 0® and boiling point of water, under normal atmospheric 
pressure, as 80°. The interval benreen the two is divided into 60 
equal parts. 

_ The Fahrenheit scale is gCTcrally used in Great Britain, the 
United States and in some English-speaking countries for household 
purposes. It is also used in clinical thermometers. Tlie Centigrade 
(from L. Ceviftiw, a hundred: graJus, seep) scale is universally 
used in scientific work all over the world. 'Hyc Reaumur scale I's 
tised in Russia for houseliold purposes and in some parts of the 
European condncnc. 

Comparisan oE the three scales of (emporature, — 

The distance benveea the lower and upper fixed point.? of a 
thermometer is called the FtnidamenCal Interral (F.I.). 

Tlie fundamental interval is di>ided into 180, IDO. and 80 equal 

f arts in the Fahrenheit, Ccnticradc, and Reaumur scales respectively. 

ig. 4 depicts the three scales given to a mercury tliermomctcr 
of n'hich A and B ate the lower and the upper fixed points 
respectively. 



The table on P. 8'20 gives the data about the three scales and the 
• symbols which arc uscil in expressing a temperature in these scales. 



(t) We find that, 100*C.-=2l2“ -32*«=l80*F,=aB0'K. ; 
or. VC of IT-a f of VR. 

tfO Let P (Fig. 4) represent the steaclj' position of tlie top 
of the mercury thread « some temperature nixl Jet F, C, R, be the 
readings q( this temperature on the three Kales. F-ihrmiicit, Centh 
grade, and Reaumur respmircly 

Then, since AP is the same fraction of AD nliatescr he the 
teaJe used, ^^e hate 

AP F-32 C-0 R-o F-32 C li 


Remember (hat 1 Cendcrade dejrrce b nino'riRh of a Fshrenhell 
degree, nnd 1 Ffibrenhcit degree Is 6te>iiin(b of o (>ntigrTKlc drgtre. 

Examples. (0 AaUutitU rtr ttmptratmir >rAi<-}| W pot tA» tfimt taltif «« 
e*t\ tie Coih^Jt JuJ (it rrtiUf. 

Lei * l>« the vslue rmaifrJ Tti«i, • ®r, Sz-160r9i; 

or. 4£«-160. tc «s-40 Tl.iu -40*r when ronirrlr.l Lo th< F«I,rmliri( 
■cale, will slgo b« - 40* , or, — eO’f ■» — TO’F 

(5) Tfit frme I'mpmlvre tr*r» "sJ «i* « Ct"'' I^oile nil a pttnmvf 

m/tar ffirai a difftrfnet of 2 *. What tr rSf fn/nSrr of drjrrrM tndirntfti by an'S 

l.«l i = CfnliETsJ« l«tnTWT»*ore, «nd jr«iE«*nmnt l»tat>tr»tnre 

Thm. w# hare, t—y^l .. (U 

Now, 2 * 6 ', ifimfortBtd lute J>»nmer drjfreriwrx I "r- 
rvom (1), u+?5 i=*y y=«*^?- 

Bol TIi« rpi 3 niml tcmjwrstotrs »r« 6 ’C anJ 4*F 

13) f’f»J Out »A« timpfroturt vbtm lit rf<y»s» »/ tAe fohr’tbite littmamiUr 
vSt 4« & mots fAe earuipandiay dlfrie cf tit CrnfiyiOt/i thtrmcmrttr. 

L^t 2 ioP»hmii«it trmprraloTe, and ywOnlisnde IrmprrstoTe 
Then *=Sy (1) Rot t’F. Ifinafemd lot* Csali.ersiJe tl»str«w(»-S2)|«jr 
Trem (IL fSy-32)S -yi »», lOjwKO- y«lO*C. 

AoJ 1Q*C, = {!0>:|)+22»50'/*. 

llenro lhi> trmperiloTrt arc 10*^. sad SO*/" . 

(J) Tva litnu^tullTI A ini Pate nmit of tit ‘nmt li,nf of j'oii oni rOKinia 
fit total Ufoid. Tif ba/br of toti tit titriAirmlltr Crt tfitnfci. Tit tnfrrwrf 
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ihuwcler of the huth of A it To nun, and the radiut of mta-sneUon vj the tube is 
Teo mm.j the corretponihny fitjaret for S being S'i win. narf 0-S mm. Compare 
the leiiylh of ti dtgiee of A with that of 71. . 

Let /. and / be Jsncllis corresponding to I” rise in tl.e tenincral me fur A 
and S i-espectjvol}- .ind h tlic apparent coefficient ot e.vpaiisitjn of the liquid. 

Increase iu volume of tlie liquid in the bulb of J for 1’ rise - { - A xl 

and this must rise in llic lube, the roliiinc being ^ (I'SSJ-V,. 

■ • = Similarly, for fi,5- ('^y X Axl = fr(0-9)'^: 

f, (a-aj- “(6-a)» r, vw 


n. Corrections for Thennomefer Readings The temperature 
at which tvatc-r boils depends upon the atmosphcvic pressure. It is 
30.1‘C. when the auiiosplierie pressure is normal, i.o'. 7(it) mm, It 
increases nr tlctrcases with the increase or decrease of the armos- 
pherlc pressure. For small deviations from the normal presure 
there is « change _ of O-SfC. in the hotling poin! of wener for a 
change of 1 cm. hi the atmospheric pressure, anti so a change of 
about two-thirds of a degree Fahrenheit for a iO mm. change of 
pressure. The efleet of the change of pressure is. Iiowcver, negli- 
gible for tlie freezing point of iv.itcr, wliicli is Jowered only by about 
0'0078 of a degree C^entigradc for one atmosphere increase of pressure. 

^ So the fixed jioints of a Uicrmomcter can Ijc corrcccecl at any- 
time bv reading the height of the bni-onictcr. 'i'ius will be clear 
from tlic following exampu: — 

Atmospheric ptcssiircs=7i>4'96 rom. 

Difference from the normal prcssurQ.= 70(i-754'SB=,)()4 min. 
There is a variation 
of 1*C. for a change, of 
27 mm. in the atraos- 
phcric pressure. The 
required correction ^5'04-t- 
27s=Q-186‘C. 

But as the observed 
atmospheric pressure is less 
than the normal pressure, 
the steam point will he 
less than 100”C. Thus the 
true steam poiiit = (10t)- 
')-lsr))..99-814»C, 

Observed steam poiiiCs= 

!}9T;°C. F.rror at steam 
point 

=900-99814= -n-2i4'C. 

Correction at steam 

point =+0-214°C, If for Fig. 5 

Vol. 1-21 
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the al) 0 »f thcfmotncur the frM^ing pnint it 05® aloic zero, the 
error is +U-j'C, anti the mrieeiion (o Lc applictl is — (r.VC ‘nmt, 
rlotting these tt'o points on a M|uared paper, the <iraii;ht line (Fip .'>» 
Jouiiiii; ilitsf uso points still indicate die cotrectiutis at iniirmeili.itc 
temperatures Froin ilte graph it is csitlem that no tnrretiinn no-M 
he required at 7()'C 

Examples. (I) Thr ofrin of a 


1 sole tlumon - u.oj'r 
The tti^crence of preoiire, tT(-73)a3 (ms K( 
irrsstire, the h'silinu f>niQl is ahaiuril Uf Zii*F 
ire«>iiru, the ilianjo in l»»lane 
3— «s£lO*/' (-3 is tuh>*ti (.ee.siise the iircMvre 


Auw, 8 r IS vij^iMUcnt to 8-1^9 sealeuisisions el the liirrmcjuirtet 
KeniX! tfie rrioljn^ jnilis'aU'il slie ihenitutorlersyS' 3 207 
^ (6) The itmj'eraturo III ssairr » iO*E •(33*fl8®j/' 

^ The reailirg i> aWno ilie ire ivnni, siNirli is JO rn the stale 

N'nse, 1S*>' is cntiisaleni lu Itt i 27 stale dis Mi><ni The rriilmt 

ii '304.27*67 

(J} I! iiAen /hr mn/j/r/tluir n»/' n mereerp Ihrtmntnnn troilt 

f e/nir ut l(»l*l.' , il uaJi ftnj tht l»ve Irmpeiolun irhen the thifmo 

4<r>r rrai/r JO'l , eiitmins (Aul >A< Co'* si ej7<eslri(ol e^d th* tfuisinar err 

uj vnttvrm ImylK (t' !’ /W<) 

The lliefiiiiiiiieler reSils 05'< fut 0*/' and lochs'"/’ hit 1W‘<‘ Si thiie are 


pain, let the rea.lioz essrtly coemi « s- , men a , 

0 /-!D = 8 S 7 f., or, t*. 235 *C 

IZ. Diflertnl romis ot 'nTCirnomflws 

(1) Merctii^dn-plass ThmrOBiCltr. — Tlicic have Lccn dealt ssilh 

e (txf/e Alts. 8 to 11). 
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(2) Alcoliol Thermometer. — Alcohol is sometimes used as a 
thcrraometric substaoce instead o£ mercury. Its advantages and dis- 
advantages as a thermometric substance have been treated in Arc. 14. 
The liquid requires to be coloured nith some d5'e in order that tlie 
top of the column may be easDy read. 

(3) Water Thermometer. — Water has almost .all the disadvan- 
tages of alcohol and its advantages are very £ctv. Besides this it 
cannot be used as a thcrmometric substance due to its peculiar be- 
haviour becneen 0“C,, and 10°C'., which has been iscussed in 
Cliapter in. 

(4) Gas Thermometer. — In these thcrtnomcars gase.s like air, 
nitrogen, hydrogen, helium, etc. are used as thcrmoinetric substance. 
These have been dealt witlt in Chapter IV. 

(5) Maximum and Minimum Thermometer.— It is often found 
necessary to know the Invest or lowest temperature attained during 
a given period of drac. maximum temperature reached during 
the day and the minimum temperature during the night arc recorded 
in meteorological stations as a routine work- Boili of such iufonnation 
arc important for meteorological as well as ngricultur.al purposes. A 
imiximum thermometo'' automatically registers the highest rempeta- 
turc and a mimmttm Ihcrmometer, the lowest temperature, during 
an inten'al, 

(6) Electrical Thermometer. — Tlicre sue two common forms of 
electrical thermometers: (j) resistance ifiermonietcrs ; (tj) tliernin* 
couple or thermo-electric thermomcierf. These have been dealt with 
under Current Electridcy (Vol. II). 

(i) Rutherford’s Maximum and Minimum Thermometer.— 
Tliese arc two separate insirumcuts, but are ordinarily mounted on 



the same frame (Fig- f>)- The masimum dicrmomccer is an ordinary 
rnerctirial thermometer placed in a horizontal fashion. As the tem- 
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pcraturc iiicr«.iM-s, the mercury pu<h« J<in<art! a uccl "hkli 

Itfi in iin [ihic tn imiicaic ihc maximum tem|Hrntiirc. 

TIic tiiinimiim ilii niii>nK-(cr me* akoltol, in«ica<l of mercury, as 
the tlitrmnmftrit liqintl It i* jl»o Axed in a Iiorizontnl | itsiilnn ' I'uf 
n.cuuhiij' the inminuirn icmprniiirc .m imitx of f;lat« i» placid iti tK- 
Ii<liii(t an<l tins allouc the alcohol lo expand. «hcn the tttiijrraiijrc 
ri«c«. nitliniti intivin^i; it But olicn ilic tempi ratnre fall* and tin- 
.ilniliol tontr.itti, the plasx index, nlii'li i« uetted hy alctilinl, ic draj;- 
jjul hacknards hv the siirf.itt film at die erul of the alcohol toliiiiin. 


The iiisirimirtit t.in lx rc*ct for (resh ohnn .iiinn* hv m.linlii* 
the frat'K whin the itwliivs »lide clown 'Hm: xtctl m.lcx cvm lx tuuk 
to sluie ciowii hi j. l«r-ro\t;nct too 


(li) The Cllflital Thentinmcier (or Doclor’s 'rhrnit»»- 
imUTl. — Tills ilnniKHniur i> incJ l >5 cli’tiorj for the 
cicterntiiuiiioti of the maximutit temperature of n lirdy. 'nie 
l( inpcrjiurt of ilu htniiin IrhI* siulotn v.ine* Icni'iJ the 
liiiiic*. (>vr lo jlo'f' jiid Ml III ilnciiir'i iliinii >iitcti’ 
this r.aiii'i Is }:r-i(ltuiixl m decree* I'.iliriiiliiit and each 
(Ivj’rcc. uf>un is ordniuriK. •id>-di\i<lc(l iiii i filthx MrtCii'S 
]s loimnonlv used .■> the diitinotintrii siil *t,in(c and h>‘ 
us||)l; the nuuisiic ijii mute •>) iiicriuri in (he hull), the 
liO'ztii of (In <tciii Is iiiiih slM>ri I'li; 7 ihiin* a iltineal 
thtrnionntif hiMn-i Uilb It wlmh inniims incTiur; ami 
a contiriiiioii C in the lx»rt aixnc ti Dutinj; n«e wluii 
(tic bull) is (Uuid under tin itiii pit or the tun^tiu. the 
mirciirt l/cini; ht.iird expands .md is foruil up tiilo the 
stem k .iiross thi eim«trKtKm When ihi: tlicmioitieief 
IS T'lkiii fiiii (111 iiuriorv In Ion the lotistnitinii lomrarl* 
iTiili ihi fall «f ti'inperatutr. Inn the meicurv iliri-.ul al»iie 
e.annoi follmv ilu mereurv lielow liceative of the lotisttii* 
til'll. S> chi ihrcad hreale at the lonsirnuon. the f.irilicsi 
end of till- sumlint; thread piling the temperature of the 
lotiv Tliiis iht (Jinical iliirmunietet aitt a* a m.-ixniiuni 
tlirnnomcter To rest the In'tninicnt. the ihcrtnoincter 
I* lieU b\ ihe »ttia. bulb demnward* and is given .1 fe*' 
jerkv Tills force* the mireiire in ibt «ieni to go hitk ini" the biilli 
To graduaie the insctiimeni ii »« flitexl in .1 iluriiicisi.ii ."it 'I'l'f. 
•md I scratch i' tnide in the stem .i,un*« die linil of the iiicriuiy 
ilitiad iiliiti ihr s.ainc is stcaciz. .\fren-artl< »t 1 * again placed in a 
thcrnio laiir Inih .11 MH*/'. when .tgxm .1 scratih 1 * made a* af»i'e 
Tlir intin.il lnTween rl«*» i»»o mirk* are iinilnrmli d'idrd into 1 '• 
cipal pirls Old. III. [.an inf fifcbs issnming ihc l.ore lo U 

A« .1 c.iutinn. it *houl<I lie rcroend>ere-d tint a clinical ihcrino- 
mciir f7i"it not he dippexl into hot «3 I<t or arv other hot lirpu,! for 
tile dcterrmmtion of Icinpcramre, for the ImlU wuiild cr-icl. 
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(ti) Six’s Thermometer. — It is a combiaeci form of maximum 
and minimum thermometer (Pig. 8). 

It consists of a graduated U-tube with a bulb at eacli end. The 
tube on tlic left-lianti side of Fig. 8 and a part of rhe bulb D at 
that end contain akoliol. The upper part of the bulb contains 
alcohol vapour only, and so room for expansion is left there. The 
bene tube contains ;i column of mercury wltich merely serves as an 
index, as its movement indiiates expansion or contraction of alcohol 
which, is above it, and in tlic other 
cube tvhich is completely full of 
alcohol. I'hu alcohol in the right- 
hand tube and rhe bulb C consti- 
tutes the real tliermomctric part 
of the instrument. 

A small steel index fitted with 
a spring ^shown on the side of 
Fig. 8) IS inside tlie tube at each 
end 01 the mercury column. Each 
index {P or Q) can be brought into 
.contact wiili the mercury head at 
that end by means of a magnet 
from outside the tube. 

Wlien the temperature rises, 
the alcohol in the right-hand tube 
expands and .so the mercury 

tlircad on the left-hand tube rises 
pushing the index P above it. 

When the temperature falls, the 
mercury ttirc.ici comes down Imv- 
ing the index in its position (as 
it is prevented from returning by 
die spring), but the mercury 

thread in the right-hand tube rises 
pushing the index Q ahc',» it, 

which icmains tltcre wl.cn the 

alcohol expands again clue iC'-ire 

in temperature. Tims the lower . 

end of the index in die right-hand ti. >6 shows the minimum tbsypera- 

ciirc while that in the left-hand tube shlnvs the maxiinum temperature, 

13. Advantages of Mercury as ^cnnomctric Substance: — 
Mercury rcinaius in the liquid state over a wide range (freezing 
point -39°C,, boiling jioint 3.o7°C.) and thus can be used over 
this range of temperatures. The range can .be extended to Iiigli'er tem- 
peratures also by filling the space over t'lc mercury ivith nitrogen, 
argon or carbon dioxide gas under pressur.i using a short tube. Ac 
ordinary temperatures the vapour pressure of mercury is low and 
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«o die indic.ilions of a mrmin' llicnmnnctcr arc liitlc affected fir 
ihc P*<«i5iire of the tajour Alcrrurr can I.t olnaincti jnitV 

and J>cir_q; a diinin;; Kccr liqiikl iti |R>>itioii in a '"J’e can l-e 

3«ccriaint.-<f ladij. It tlo« not «c« and Jia«, ifiercfore, no 

tendency to siicl. to die walls wlicn die icmperaiiitc clianur'. It ii 
a xerv gcKvI coiiJiictrir of lieai anti «o atcaitt< die ujop nf a baili icrv 
qtiicUv. h liat scnMiniiy to icm^icratiire lanationt. for ii« 
cotlficfcnt of expansion is larye It alitoiLs only fic}:lii:ililc Iieat fro-n 
any material with which it is placed in contact owin;; to its lo« 
specific lieai and. tltercforc. the tcmperattirc winch is incatiire.l hr it 
is not altered hv its use. TJic imaiI tm^rtant ^ro^rrly, hmn-rr, n 
tlial Its rv/kinsioii ij a/niosl t»ni/orin /if rrij f’nrt of Us saifr. 

I-4. Comparitoii of the Adsan(a)^ and Disndsiintasn nf Mer- 
cury and Alcohol uj Thirmometrlc Substances (I i Altnh'd fri«e« 
.tt - MOT while mcrcura' at -30*C. Tlic former Icnli ni 78*C ami 
the latter si 3.*7*C So the rantje of ii'c on die low temperature side 
IS ^laier for alcohol than for mercurv while the r.msc on the iiit;h 
tfinpertmire side is greater for mercury than fur nlmhnl 

(2l For a gt»cn rise of timperatufc .alcohol capandt mtnli more 
than inrrnin S» ihe ^fn^>mlt^ t« tciwpr atwri sariainms is Rtrattr 
for die forinir ih ui for ilie latter 

(<H AIthoii;;li the speeific heat nf aliohol is ytriater dnn th.it of 
mercury. .» pnen mlumr of alcnlwd will .ilisnrli from a hath ,a much 
smallcT (|iiantiu nf hc-Ji ili.an aii ctpual soliiinc nf inrrciirv will do in 
K'lii^ rawed through die «ami ranpc of tctfiperatuic, ip pr of alinhnl 
being much les«. 

fl) Alcohol wci‘ glass while nicicurv docs not So dining a ti'c 
of Icirpcraciirc the former can moie smoothK in .a tiihc of fine lioir 
while the latter moies in a yetka way 

(,») As alcohol wf^j J«.«ndi to iiick to die wall as the 

temper.aturc clianci s. while menurv?^ 

(f,\ With use of icropcrntufr cti-and uniformly 

but iiu-rcuri does m a more /• ‘■''“'f'"’ thc-mw- 

iiietci is pracUutccl ba tompatisf^ ' thermometer, 

pi icing Iwh in the same Iwih 

t7i .\ktihol IS noi a tooAyewnducior iif heat liiii mcTCtity t«. S<' 
an nlcohnl thermometer tann^*ii^*** temperature of a Lath »<> 
t]utckl% as B merciirv thcjmi^oeter can. 

Alcohol It a hehr {xdiisAc hipAd whitW saptstinw apytvaaUv 
and sollec\« m the space .fibose the li<|Uid tnenistiis and the p'e*‘iije 
ri'ct Tlie tffict it nctjliplblc in tJnr ease of mcrcura, -a heaiv hnm 1 
which dosrs not caporise ».f> easily. 

(9i Alaihol rerjiiirm/to I* coloured with a dvc in order m l-e 
'isibli: while mercurv is /escII a sWninj' opat^ue Itqtuil. 
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SOME NOTEWORTHY TEMPERATURES 


Electric arc lij>!it 
Iron melts 
Plotiniiin melts 
Iron, white hot 
Hydrogen boils 
Hydrogen solidifies 


Deg. ®<7. 

6C00 lUercary boils 
3403 Mcrcciy freezes 
ISOO Blood heat 


obtained OillS* alisolute. 




1. A bicycle pump gets heated when tbo tyre is inimped. Explain. ' 

(5. U. 1950) ' 

2, Distinguish between temperature and quantity of heat. 

(C. U. 1934 i I’al. 1921) 

5, Briefly describe the process of conslrucling a morcury-in-glass 
1heimomiiter,_ Why U it oecesanry to note the height of Iho barometer,; 


prepare a UtermeineUr, if you a 


;niae and calciiliite the boiling point of water wtiieh will be the upper fixed 
point of the thormometer,) 

4. There are two ihennomefers of wbicli one has the liirgor bulb and 
the other a finer bulb. Explain the advantages and disadvanlagea in each 
case. (U, U. 1941) 

6. Deacribc the construction of a mercurial Ihermomcfer. Is it necessary 
tliat iho titbo should be of uniform bore throughout? Give reasons for your 
answer, How is it graduated? (C. U. 1926, ‘41, ‘45; cf, Pat, 1920, '22, '44)' 

6, How does a souailivo mercuTy-in-glass thermometer diftei in cane- ' 
truction from n less sensitive thermometer? 

Describe fully the method followed to mark the scale on a mcrcury-ln- 
glass thermometer, (C. U. 1952, '£6)". 

7. What is meant by the ‘FundaiDanlal Interval' fP.I.) of the theimo- 
meter scale in a thermometer? Desuribo ml experiment to determins it 


A Ihermorncler A has got its P.I. divided into 45 equal p.rrLR anti 
another P into 100. If the lower poiiit of A is marked 0 and that of B 60, 
what is the temperature by A when it is 110 by B ! (P.it. 1940) 

[Ans. 27*'] 

8. What is the difference between tiro femperaiure of .i subslaacc and 
the total lieat possessed by it? 

Describe the coiistrncUon of a mercury-in-glass therniomete.r. Why is 
mercury preferred for use ss the liquid in fho thermometer? 

What are the fixed points of a thermometer? Wb.at should ho the 
marlcing at a point midway between these fixed points in the centigrade 
scale and in the Fahrenheit scale? (C. D. 1956) 

[Ans, SO'C., 122'^.] 

D. The fundamental interval of a thermometer A is arbitrarily divided, 
into 60 equal parts and that of another thermometer B into 120 coual ports. 


If the freezing point of A is marked 60'’ and that of D marked O'”, what is’ 
the temper.iture by A when it is 100* by B ? (Pat, 1954)! 

[Arts. UO*]. 





isT>K^frD(in: rinratcii 


ano 

in\oI\c(l are known as (tuptnttute sImses. In iron Mfuclitics, 
sutli as IjtiJgcs, cit. and siKit otlit.r sirnctiitc^, 'vhctc hrpt 

tcirpcraiufc stresses arc likely to occur, provision* mii« lie made 
such ihnt liic stresses produced due to die Lkely chongc of icmpcrs- 
tiirc do not damage or destroy tlitm. 

An idea about the tnagmiode nt sncli foicts may be obt.iinc;! lo 
the ialwratory by a simple expetimcni such as tliat o£ the brrofcluj fiffT 
(I'lg IJ| In siji.li an cxpcriinem a l«eaw iron bar <•! proviclcd mdi a 
scn-» and mu .i« one ti«l and a ciaut\crsc lioie 7/j near tlio otlier, 
rests in slots on tvro stout irrm 
stand* fivetd K> a base plate of iron 
A cast iron pin. say J Uicli in tUt- 
naeter. t* Mwed into the i«lc 
across the i>ni. Tlie bat 5' tilts' 
heated liy meant of a buftter otu! 
nglidy clampet) by meant of rbe 
screw. When the bar coois tlonn, 
r<$ 11— T!i« nreskms Itar (lie cast iron pin snaps due to t!it 
frrnieiicloiif focec o( contraction of 
ihe l»r A siirilar force rciuhinp from the expansion of the l>ar> niitn 
the latter is Itrated. may be dcntonttr.itrd hr iisin;; the catt non pin 
m the hole fi, :inel tcrei'ing the clamp cighclc ulicn the bar it coll 
19. Linear Expansion : — A* alnadv stated, it it different for 
(li/Ierent toltcli Liit it tn .all case* verv small An iton rwt one metre 
ItifiK nould tncrcatc in Jengdi. nhen Itcatccl through 100*C, by about 
Ol'J cm. and a brass rod. under sirnilar ciindmons, by IhlH cm 

Expcriiuents show that tltc iiKtca«c tn kiigih of bar <i| is pfo|ior- 
lional lo the length of the bar. (i/i is proportional to the incrcaic of 
tcmpi-ratiirc. anti (riij depend* on the nature of the ttihtt.sncc 

Cocflidcnt of Linear Expansion of a Solid. — It Is the r.iiio of the 
change in length to the oiigmjl Icngtli of a solid at 0* per unit cli.ange 
of trniptratute 

Let f, lie ilic lemiat length of a cod at 0‘ and let be the length 
iihcn hf.Tted tliroiigh , then the expansion of the rod for a rise oi 
icmpcratuTC -f»l ' The ratio of the change in kngth to the 

original length for «' rise - ^ , and lUe ratio of tTic expamim to 

the origir.ll length at h* for 1* n*c» • 

Hence, the ctxfTicicnt of linear expansion * {jnonoutKcd "ttlf'ha’i 
is gben In-. l‘ : or /, -f, fl-t*®*) 

Or, thr mean corffairni of hnrar ee/^ntjon for a pi'cn li'c of 

Incmsf in fewgth 

temperatures C»*>c7f/tr »'u /rwfvrtfuii-r ' 
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20. Does a depend on the Unit of lenglh & Scale of Tempera- 

„ Change in length ... 

turc . a— (Qjjgingi Tengdi) (change of temp.) ' ^ JS to c iiuiei 

, chance in length - - , , , . , , 

mat, * raQo and has tlte same value whether 

Jengtli is measured in the CG.S. or the F.P.S. unit of length. 
Therefore, 

(c) Coeff. of linear expansion has ihe same value both in cins. 
and inches, if the unit of temp, is the same. 

(b) Cocif. of linear exp. per degree -Centigrade is 9/3 times larger 
than tliat per degree Fahrenheit, since 1®C.=9/5°F. So cite value of 
the coeff. of linear exp. depends on die scale of temperature used, 

TJio coofilcient of lin«*r exponsion of iron (iw ’C., is O'OOOJIS riiesus lliut 1 un, 
of an iron rod raised io tcraparaUirc VC. expands by 0-000012 cm. ; or, 

1 yard of an iron rod raised in temperature by 1*(7. expands ot 0-000312 
yard ■, or, 

1 foot nf an iron rod raised in tempec.-itiire by !*(?. expends of 0-003012 
foot etc. 

21. CoefSclcnt of Expansion at Dilferent Temperatures s — Wc 
have seen tliat in defining the coefficient of linear expansion of a 
solid tve should refer to its length at O’, but practically it is not 
always convenient to measure the length at 0* and so geitcrtiZly the 
lenglh at the beginiiing of the experiment, i.e. at the temperature of 
the room, is taken, instead of its length at 0°. In the case of solids, 
die error made by doing so is very small and can be neglected. 

The length of a rod, which is initially not at 0® but at some other 
temperature, say t/, may be calculated dius — 

Let 1,, 1„ and /j be the lengths at 0®, t,®, and Ij® respeerively, 
where f j is greater than /, ; 
then fjaZj(l+af,) ; and 

i - a + .y (i+.j.)-’- -■(i+.y (1 - .«,) - j + .(1. - IJ. 

neglecting terms containing higher powers of a. 

Hence, the modified definition of the mean coefficient of linear 
expansion may be expressed as, 

_ _ . Increase in length 

Coc®, ot liom, o,p™oo, origSra^h x »W m iimtermn 

22. Measurement of Linear Expansion : — 

(i) Lavoisier and Laplaces Mefeod. — To measure the coefficient 
of linear expansion of a metal by Lavoisier and Laplace's method. 



jvTtRM»DHTt iinrsicfl 
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23> Sobstsnccs not Qflcctcd hj Clisngci «( Tctnjxraturt 
Tlierc arc a few suL^t.inti's. Iilc fuvU quarts, fiisitl sihca, .niit! in«ar, 
vtilcU ate M'ry little alfci-tci! by Uiaii^e ol itmpctauitc. Vc'ttl*, 
matic nf fmeil sihm, m liind quartz, c*«(un<l ot coniraic very iltllo 
m!kh tlieir ivm|''tr.\nir«^ aic tbanj*«L In ibc labarainrv liic trncUiks 
ean l.c niatlt it<l-hot and then siiddcnlv <i>oU-il tiidmiit any risk of 
tracking. 

Imar idiiih is an alloy nf nicLil and mcl. containing !!(> per leni. 
of nickel, iiucfitcd by the French mitaliurgiir >1 GuiUaiirnc. shoiis 
very little eli.nngc of length «ith cliange of tumifraiiirr ; itj cmfliiirut 
of linear txjian'ion sihitli i* t>fKXliKllA> i»cr *C w alinoit nrgligililt. 
TJtf nanic mitfr is dcrisotJ frtHii the woril ‘insari.iLlc'. 


.Volt — U mas lit ftrotinlitKsl htie Uisl i.ta«» aflJ nhtmijiii ixiiaifl or 
cBntraei almesi trjually 

24. Superficial and Cubical expansions 'Die eorfficienl of 
fti^yiciiif rvnuiisitvii IS the rams o{ the ihangc »« orrti tn the tnijinal 
area of .1 turucc at <1* fer unit change of temperature 

II S', and .S* Ik the intira) area at »>“ and fnnl .area at t‘ of a 
hoily, f tlic rise in tcinpcrjiiire. then the mi.m tncflicicnt vt <ii}>cr* 
fie'w^ expan‘ion, 

>8 (pronoimeed ■'f’c/a")- , or, ID 

% —5 

As in Alt Si It can I c ‘honn that f) ^ J ^ ^ . "here 5, ir the 


area .at f,*, and S, .it r,” 

25. Relation belHcen » and /J:*— Conmlcr a triiiarc intfate 
(Fig. J5) of a homogeneous t«otropic solid, each ‘ule of «lntli is /, at 
s, U' atwl I, itt l' Tlte area nf the surface .at 

S,- and at r*. *'• -t* 

Bin t). mlicrc > is the coeir.cicrt of 

linear rx]Kinsir>n 

S. =(/.ll+>ii»'-Vll-tk*.»+.’^*) Sme 

s is terv sinall. terms containing »’ and liigner 
powers of m can l»c negicertd. 

-• S, <-) 

Again from (Ik 


— tr"“ 

F17 IS 


.. rrwn Wl and <3j. + < .9.-/,’) «r 

Thai If, coefficient of area txfamions-'^ •‘.(oef^iCiern 0 / hnca 
ev^ujion 

Tilt trrot tine to nt,;tt«iiiiR »*«* ci» In- sttn »» lollo-s — 

Ui R< lilt Iht t».t cl trvT. Wht« ,-O0(n0l2. »rj fJ = ftC«»04 


,tf IfrOXCt?)' vlCO»(re«6 Tl»i« ■* a ntrfijillt trrof 
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26. The Coefficient of Cubical Expansion of a Body : — It is the 
ratio o£ the change in volume to the orig^al volume at 0’ for unit 
rite of temperature. 

'I'hus, if Vt he the volume at 0° and 1° respectively and y 
(pronounced “gamma”), the mean coeffideni of cubical expansion 


Vt~V. 


V,^V,(l+yt). 


As in Art. 21, it can be shown that y=~' 


, for all practical 




purposes, where is vol. at and F,, val. 
at expansion of all solids being small. 

27. Relation betwen a and y: — Consider 
a solid cube each side of which is /, at O'*, 
and !i at i’ (Fig. 10). Tlicn, wc have, as 
before, Kos/j’, and Fjsi,*, where 

(l + .f). 

••• Vt= = V(l + 3»t + 3»’*' 

(neglecting the terms con* 
taining a* and a») = Ka(l+SaO. j-i” 

But Fj =» V5(l+y»). Hence, tve have 
l+^i=I+3ai: whence approxim.aiely, i.e. the coefficient of 

cubical expansion's xcoefficieni of linear cxpattsioit. 

Esainples,— (.t) A glass rod vhen meostired ioi(& a iUc scale, botls being at 
SO'C’., appears to is one metre long. If Me sraie is eorttrt at 0‘O., lohat if '*■ 


■■fficient of linear expansion of glass 
sex.10-. [Pat. im) 

>n of the Mac scale is 1 cm. aitd at 20^0. each dm- 


and Mat of 
At O'C. each c 
sion=(l+0-000026 x20) = 

1 tnette or 100 oos. of ibe 
trne centimetres. 

Hence, the correct Icngtli of the class tod at SO^C.^IOO-OSZ ems, 

(The trne length of the glass roJ at 0“f7.)x(l+0'000000x£0) = 100'052, 
100-058 


e scale <il 20*C.=100xl'OOOS2=103-CI52 


The trae length of the glass rod at O'Chs — 


irire rnccisuTcd by this scale 
17°C. Find the. exact length 
be the exact length of the eoi 
(a) Coefficient oi linear < 


l+O-OOOOOBxZO “ 

;t miHimclres at 0*0. The length of a platin 
B3i, vhen tie Umpertilure of both of them 
1 ntZfimetres of the pfofinuirv wire. tlViat u-o 
at 0*C. f 

[lansioit of sto^^O-OQOOl^. 

of the steel scale which is correct at 0'C7, is 
:fly 1 mm., but a lillle grcalcr Ihau 1 nun, 

1 scale divisions at 17*^. woold contract to 1 nun. al. 0*0. 

621 scale divisions al 17°F. would contract to 621 mm. at 0®(7. ' 

The exact length in mm. of 621 scale divisions at t7^C. 
=62I(l+0'000012xl7)=*ffil-127. 

(1) Coefficient of Uneor expanHon of plaliniini=0-000008. 

Length of the platinum wire at O‘’Cl.X{l+O-00000Bxl7} = 621-0<i2 mi 
Leneth of tlic platinom wire nt =€21-042 mm. 

1-00(036 




33?A?SIOJ? 0r5012D5 


So iht dock loss (56,400 — fl6,375'E_) *= 24-2 seconds per day. 

{/) A ch:l: ■!rr.irh)-j;ps cmeiltimtei 25^0. has a ftcndalum rod made aj trass. Hene 
mar.-, S'rotuis laiil itgaia per dc; a-hsn Ike UmOralm' Jalis to tH;Jrrc;irg tiainl 1 {Coejr.rirn! 
CJ liatOT craarstm nj hrcai is O-OOOOIS.) ‘ 

(C. Ik UiSh 

Ln: •= l=nsrui w O' C. ; Lj «= IcngUi ai 25'’C. 

U = pndod csrrOTDfidins Id die length 4 » *55 = period correspondinj 10 rhe 
leng* 4 ,. he^e, 

^ QJ-O-ODM/S i =- ']J-4 y 0-000475. apjJrtjK. 3 •0002375. 

But because ibe ps.ididiiia croraa time ssi 25'C_ ihss-aliic of 4^ 1 seconr), 

1 

Hiee are 85,403 seconds hi a asm So the pesduluos wakw 8S.400 sr.dr.n at 
25‘C_ when it keeps conxc: riae, ^»-bea4i »■ 3. .•, ^ 'j;gg^23v3 

see., eis amibcr of sw-iags >» 55,400 ”* 8S.420'52. 

The peadulua gaiw '£3.420-52-^5.400/ » 20-52 seconds. 

2S. Practical E-samples of Espaasioa of Solids : — In ni^^n-v' 
cases precautioas hare to be taJtcn against evpansions or conmactions 
of meials aiising from changes of temperature. 

(a) IMiy in la 3 'Tng raQs. a small gap is left in bettveen ? 
■\Mien railway lines arc laid, a space ofalxjut a qiiarrcr of an inch 
is left bsiti-cen successive rails in order to allow for expansion u'hcn 
heated. Bui for tliese gaps die rail w-ould buchlc and cause train 
deraiimena. 

J Similarly, allowances are to be made for evpansion in motiniinc 
ers for iron bridges. The eleeiiic ir.tm line, howevei-, arc ti-cldcd 
together. These lines sera-c as electrical conductors and aiti 
continuous. .\s iltcy arc embedded in the grotind the variation of 
temperature is small. The joints of gas and water pipes ate made 
liie those of a telescope in order to allow a certahi amount of 'pl.ay’ 
at the ends.] 

(b) The Icngtii of metal cliains used in survcu'iig requiro-s 
correction for \-ari3iion of temperature. An ordinary clock fail? to 
keep correct time oti'ing to changes in the length of the pcnduhim 
consequent on the variations of temperature of (he atmosphere. It 
goes slotv in summer when the pendulum lengthens and fast in wintev 
when it shortens. To keep correct time the length has to be 
periodically regulated. 

(c) In rivetting boiler .plates, red-hot ri\x;ts are used, which on 
cooling, contract and grip tlie plates tiglHly nnd make tiic joints 
steam-proof. 

The same principle is adopted in Bsang iron tyres on carl \v]iccls. 
The tyre is at first made somewhat smaller in tliaiticlcr, and (hcii 
heated until it expands sufficiently to be easily put on tlic wooden 
whed. On cooling, the tyre contracts and binds the wheel fivnily. 
Vol. 1—22 
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INTlMIKCtAn PIfYIICS 


Fitt elermt are also baard on tins priacipSe. One form of i>i'b 
. comisu of a conipound bar of braft» and iron. ^V^len hot it bends 
<rtcr and completes an electric bell circuit, and nni^j the bell. 

(d) ^Vliy in drinking hot svater, a tkiB-bottomed class Is 
taken ? 


Tl^■K•l.4»tlomf.d drinVin^ glasses frequently crack if hot M.tter Is 
poured into ibeiii. Glass is a b-id conductor of heat. So it f.iilj to 
transmit beat quickly front the iieiglibourinq pans to equalise ihe 
tcmperahirrs m din'erent pofliom, due to ssliieh ibeic is iiiierjiial 
expansion of the inner and outer lajers and hence it cracks. Tor 
tdeutieal tasorts the hot glass-cbsmncy of a l.tttiern cracks, if a dn.p 
of cold u-alcr falls on tl. 

Vur simtlar reasons, a dijVrttntd glass stijrj^cr sticking in a bottle 
may be made loose and taken out b}' pouriiti; hoi uatrr round the 
neck of the bottle. Uy tins ibe neck expands before the stopper doe* 
and so tlie stopiicr becomes loose. 

(e) In sealing tnetalUe »vire* into glass, why platinum is 
used ? 

Sometimes it becomes necessary to se.tl metallic ujres into rI.im. 
If a piece of copper is seal»l (hrvugli glass ilie joint usuallv fracturet 
on cooling due to unequal contmetton of copper and glass. Hut 
platinum and glut lute aliiiost the mme coeilicient of exp.tnsion 
and so platinum can be safely used for this purpose suthout fear 
ofcrackinff. 

£sani))]c.~rA< anrf ii JSO friUi I uid l‘t laUl 

spart l‘,al mail t* Ufl tiUiin Wr latU uaria^/ai a <**!>;» »/ Ji, f H 

uiHf*lff)J7/ in jirt'Mf* ,t‘i lOHi 

{(of law’ll a/ata-uiin aj ,r»a - 0 POUOIt far'C \ 

sev .-(a<5-32)* IIT’F -(117-33,..*. ‘L. 

390 miln 390x5280 x 12 >■ 2 5< cno Tl’'i ‘“tal »l‘«r lo l« Wi <■ mpiniiun of 
Iron rails 390 niila lung foi ~ ehrnse cf Icmi-rratuTC 

.« (390 .53n0x 12x2 Hlx-OtXWI? ' mile 

I Altemndielr -OxITicimt of ora™-®" ®f - 0 MJOOia K * per ‘f- 

nieioUUpawioUUtS — ioS»lrxvift«<m ~ 3'/l/. ^U-OOTJU ' «. tllT 

— Sil) mile = 390 ' ^ 0-0tX»J2 X y) X nt «Mle ~ 350 vUtWJI.' 7 Otn'e 

— Oil mile I 

25. TJie ComprDsared reodulum i— In a pentiuUim clock the 
titnc-keepifi? quality depends upon its length, i.r. the dtsianec from 
the point of suspension to the centre of grainy of the Iwb, Ijcc.tiisc 
the peinxi of cecillatlon of tlie pwvdsilMm v-itli the cUai'se of 

“ ••^ili according to the relation, • 

'll is ctidenl from tlic abtrtc expansion that if 1 incieates, t V'iU 
oeeome greater. In order iha* tbc rate of a clock tn.iy be uniform 
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the length of the pendulum must not vary with temperature. If 
the length increases, ike period of oscillation wUl increase and ike clock will 
lose time ; if the length decreases, the clock will gain time. So generally 
in summer, the clack wUI lose, and in winter, die clock will gain time. 

In order to nullify the effects of thermal expansion and 
contraction, compensated pendulums arc constructed employing 
some special device whereby a constant length from the 
point of suspension to the centre of gravity of the hob is 
always maintained in spite ofany rariations of temperature. 

Such pendulums arc called compensated pendulums. 

Harrison’s Grid-iron Peaduinm. — This is the best 
form of a compensated pendulum. The principle of 
construction can be explained as follows 

Let AB and CD be two parallel rods of different metals 
(Fig. 1 7), say, steel and brass, being connected by a cross-bar 
BC. If the point A is Sxed, AB will expand downwards, 
svhile CD will expand upwards when the temperature 
rises. Now, if the lengths of tlic rods arc such that the 
dotvmvard expansion of AB is equal to the upward expansion of 
CD for any rise of temperature I”, the distance AD will remain 
unaltered. So, if a, a.' he the coefficients of expansion oi AB and CD, 
and I, I' their lengths respectively, we have, lat=l'a‘i j or la~l'a'. 



i.e. the lengths of the rods should be inversely pri^ortional to their 
coefficients of expansion. It is also evident that CD svhich is shorter 
must be constructed with more expansive metal than AB. 

The actual pendulum consists of a framework 
_ (Fig. 18) containing alternate rods of steel (shown in 
thick line), and brass (thin lines). The central steel 

I rod C, passing through holes in the lower cross-bars 
of the frame, carries the bob B at its lower end. The 
arrangement is such that die steel rods expand 
downwards, while the brass rods expand upwards, 

, and the centre of gravity of the bob is neither raised 
. nor lowered, if the total upward expansion is equal to 
the total downward exptansion. It should be noticed 
that in a Grid-iron pendulum all the bars, except the 
central one, arc in pairs. 

So, if there are 5 steel rods, each cm. long, and 
tc 4 brass rods, each 4 t™- long, the effective length of 
the steel rods is 34, and that of the brass rods is 2/3, 
and taking the coefficient of linear expansion of 
brass to be 0-000019 and that of steel 0'000012, 

„ 34 0-000019 19 

Srsi "" % = oWMH - -fi- ■ 
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i>mR3iEruA'n. riimca 


In constojcting good cloclis and matches prcc-autio 
talcR to counlemct the cflccis of expansion. In order Ic 
rate of movement of the mcrhaiiism. 


Kci a 


Note. — It is now-a^a^-s usual to make the pendulum rod of .a 
dock of Invar, .m alloy of nickel and steel, ilic coeflicient of 
expansion (0 OOOOOODJ of which is nlmosc negligible. 

The Mercury Pendulum. — ^The Ijo 1» of this 
pendulum is a rramcn-ork peuviJed with U'O glass 
cylinders cuniaiiung mercury (hig. The principle 

of compensation ts siiiular to that of the (Jriddron 
pendulum ; the nxl carrying the IkiIi expands 
downwards, while die mercury expands upwards, and 
the ouantity of mercury is so adjiuicd that tlic eircciite 
lengtii of the pendulum, i r. the duiaitce between the 
fioui! of tuiptniion .nnd the tenlre cf csnMien remains 
unchanged when the tcinpemture ch.vngrs and so the 
rate of the clock remains unalfrcteil. 

30. Compensated Balance Wheel Fig. 10 
tllustraies the balance wheel of n svaich. 'Ilic lime of 
oscillaiiuii of the wheel depends upon the nteraitc 
diameter of the wheel -the smaller the diaineier, 
(hr quicker the oscillation So an ordinary wheel 
oscill.stes quicker in winier ili.-in m iiiminer owing to 
Pendulum contraction of die wheel due to low temperature flic 
compent.itiun lor temperature clutige is secured m 
the following wa>. Tlie nm of the balance wfieel is matle of three 
segments, each segment heing supponed at one 
end A by a spoke joined to (he centre ol the 
wheel, tlie free end carrying .sn .idjusiahle moss 
II'. Each segment (5 made of two strips of 
dissimil.ir mcials, (he more expansible one ' 
being on (he uuUidc 

With the rbc of tempenKurr, as a spoke 
increases m Icrglli carrying the attached 
segment outw ard, the free end of the segment 
motes inwards, (he outer strip of Che segment 
expanding more than the inner one. Tl>c svheel 
is so constructed that die outward shift of the mass« due to tlie 
incre.tsc in length of she spokes is equal to the inward shift of the 
masses due to the curling of the segments, when the temperature 
incrc.asrt. Tlie fine adjusuneiit for ihu condition is nuide by tne.ias 
of die riders IT. Tlie average diameter of tlie wheel is thus kept 
censunt, and die time period u unaffected by any increase of 
temperature. \Vlien tempemture falls, the effects and adjustments 
are only opposite. 

ExampI*.— TSyr/ »»r S rten rtii, rath I mtlrt iant *rJ 1 h«ii ttii H t 
Cni-am tmJalipn. What IJ fcU fcnft* »f *•«* rW f (TAr mf-nml »/ nfntian 
•Jtrt* u OCCOOI2, afiixSattJi’MOCtoan^ 
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The elTectivc length of the iron rod* =s 3x1 = 3 metres. 

■and if 1 metre be the length of eatdi bras rod, its- effective length = 21. 


■ 21_ 0-000D 12 12 

•• 3 0-000319 “19’ 


1. A rod of iron and a zinc rod arc each 2 metres long at O'C., and both are 
"heated equally. At dO°C., the zinc rod it found to be longer by 0181 cm. Find 
the cocfEcient of linear expansion of iron when tliat of zinc is 0-0000296 per “C. 

(C.U, 1927) 

[.dan O-OOOQlITper'C.l 

2. The length of a copper rod at 50'C. is 200'i66 cm. and at 200°C., it is 
200-664 cm. tmd the length at 0°C. imd the cocITicienC of linear exptinsion of 
copper, 

[dw. 200 cm. ! 0-0000166 per ’’C) 

3. State the laws of the timple penduUtm. The pendulum of a cloelt is made 

of wrought iron and the pendulum swin« once per second. Jf tlie change of 
icmpciatuic is 25°C., find the alteration in the length of the pendulum. fCoeiiicient 
-of expansion of wrought iron is 1 19 X I0‘‘) (Pat. 1920 } Dae. 1942) 

[In this case, i =• 2 secs. So l=WiJg^iiViiWl } where fci:99-39 cms. 

If / be the initial length of the pendulum, the length after the temp, is increased 
'by25^.=l(l+6'00001l9x25). The alteration in length 

-i(i-|-0-0000119x25)-2»>fxO-00001l9x25-:99-39xO-0000119 x 26<«0'02g56 cm.] 

4. Define the coeilicienc of cubical expansion of a solid. Does it differ when, 

’(d) the lengths arc measured in centimetres or feet, (h) the temperature is mensared 
in Fahrenheit or Centigrade ? (C. U. 1931) 

5. DcRnc the co-eir. of linear expannon. Docs it depend on fi) the unit of 

length, (iV) scale of temperature ? (Vis. U. 1952) 

6. A brass scale re.ids correctly in mm. at 0°C If it is tatd to measure a length 
at 33'C., the reading on the scale is 40-5 cm*. What is the correct measurement 
of the length ? 

[Am. 40-525 cms.] 

7. A zinc rod is me.-isurcd by means of a brass scale {wUicb is correct at O'C.), 

and is found to be I'OOOl metres long at 10®C- Wbat is the real length of the rod 
at 0°C. and at )0‘C. ? (Pat. 1949 ; Nag. U. 1951 ; Iftkal, 1951) 

a (zinc)=0-000029 per 'C. ; o (brass)=0-0000!9 per "C. 

[Am. (i) 1-000000018 metre; («) 1-000290019 metres.] 

8. A platinum wire and a strip of zinc are both measured at O'C., and their 
lengths arc 251 and 250 cms. respectivdy. At wbat temperature will their lengths 
be equal, and what will be their common length at this temperature. (The 
coefficient of linear expansion of zinc is 0-000026 a^ that of platinum=-0000089.) 

[dfts. 234°C, ; 251-523 cms.] 



3^2 


lNTt»A£CDlA.TE PtmiCS 


i. K bran idle meMujo Wue centBsnm al lO'C. TJic Icnsih of a copprr 
rod measured by (he lams teale u found lo be 100 cms. «i 20 C, Find (he real length 
of the tnd al 0 C. (Tlir coeiliaral of linrar cxoansion of copper u 0-CCOOI7 and 
that ofbiau 0 000019) 


{.bu 99 903 CSX ] 

10. How could you ihew that brass etpandi snore than iron vhen rods of time 
two roctnli ate heated '*•* »itn» tempetaiurt 

^ II- ncfinr cn-eff of lincsrcapaanuiKifasulKL flow b it related to die oo-<<T. 


If ttCfl railroad r.nli are laid wlieti iJic (etnp. is Sj'F., Iiow much (ftp musi lie 
l«n between e.teh standard 3!1 ft rail section and the nest tf the rails should just imirti 

when (he temp, rues to 120*/^ > a tic steel«l2x 10** per 'C (U U. I'Jab) 
[der 027 uieli J 

12. A rsilvvav line u laid at a iem|iera(ure of 7'C IT each mil be 49 ft. tong 
and firmly rlantpctl nt one end, caletdsie how much spare tlxxild be left (letwern 
the other end of tnc rad and the next one ulien the lempersturt ruts lo STC (Ibe 
eoeflltient of linear expanuon for iron is 0 0000109 per *C ) 
tAv 0 141 2&> inch] 

13 tv hat space sheutd be allowed per mile of engine rail to avoid irresi tn the 
rads far the varuuiQui of umperature briweru 2&*C aW — ^'C. 

[o (ironl-CKWOOlOJpes’CJ 
[der 1 72bS ft ] 


beta 


l.4sr 


ilivay lines are laid with 
sled lines G6 It long >a 0*3 sn 
:h ’ (a fur slerlwii X 


> Rsps to allow for expaniion If the gsp 
) , at lO'C , at what temperature wia the linn 
I 0 -*rCT»O 


67 3‘C) 


(C U. 1033 :G U 1931) 


15. Tbe diamrier efan iron sshrel ti 9 ft. If its lemperaiure u raiml 400’C., 
by bow many inches » the circumference of the wheel incTtascd f 


[-4.1. 0 493.n{LJ 


IG A sTerl tyre 4 ft in diaiiictcr is lu be shrunk or 
the averaged jsfnetcr is 1 .9 incb|^atcr than ttic uuideOian 
the necessary rise of (empersiure of the tyre m order th; 
wheel (cofT of expansion of the tyssr-O 00001 12) 

[,4ni 232-5 C. nearly 1 

Uthc itnvpeiaiiirt d the Tvn? » WC .fisul the tetnperatun 
to dial It Mill slip on the circumference of the pulley 
[« for iron-O 000012 per *0 


n to a cart 
Tieter of the i 


. wheel of which 
tyre Ca'eulatc 

”**^fVaLT 9 ? 2 ) 


, pulley eif diameter 1*005 ft* 
•e to V. fitch vt mutt be ravvst 

(E F U.. 1953 ) 


[du. 42 GC*C.l 


18 The coeflicienl of lim 
mau of brass is I cuUc decii 

[.der. !*00i7 cublcdeeinv 


ecpansiOn of lirasa i 
re at 0 C> wisat will 
1 


19 . A hmip of irrm has a volume 
2 i'a (aforiroQ-O'OOOOIZper'C). 
U't. 9*97 n. ft). 


of 10 <u ft at 100 C. Find it 
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20. The volume of a lead bullet at 0°C. is 25 c-c. The volume increaaes at 
98°C. by 0'021 c.c. Find the co-effident (^linear esrpansion of lead. 

[Ans. 28-6 xl0-‘ per ‘C-l 

21. T^vo bars of iron and copper diSer in length by 10 eras, as 0°C. What 
must be their lengtfis in order that 'diey may differ by the same amount at ail 
temperatures. (The coefHcicnK of linear opansloQ of iron and copper arc 0*000012 
and 0,000018 respectively.) 

[Am. Iron, 30 eras. ; Copper, 20 cms.] 

22. Describe any method for determining the coefficient of linear expansion 

of a solid. (K. P. U. 1951 ; a U. 1942, ’S3 : All. 1925 ; G. U. 1933 ; 

Nag. U. 1955 ; Pat. 1920 ; Dac. 1934) 

23. One end of a sted rod is fixed and the other presses against an end of a lever 

10'5 cms. from the fulcnim. The nxl on bong heated turns the lever through 2“. 
Find the increase in length of the rod. (P.at. 1926) 

[/Im. 0'366 cm. nearly.] 

24. One end of a steel rod of length 61 cms. Is fixed and the other presses 
against an end of a lever 10-5 cms. from the fulcrum. The rod on being healed 
through SOO’C. turns the lever through 2". Find the co-eff. of linear expansion 
of the rod (90* = j radiane.) 

[Ans. 12 X 10"* pe? *C.] 

25. Define tiie coefficients of linear and cubical expansion. 

Shew that the latter is three times (he former. 


(E, P. U. 1931 ; C. U. 1951 ; Vis. O. 1951 ; P. U. 1952 ; Pat. 193G, '49, '52, 
C, U. I95S ; G. U. 1955) 

26. A brass ball whose vol. is 100 c.c. and whose mass is 820 cms. is iieatcd* 

from O’C. to500°C, If the coeff. of linear «p. of brass is 0000018, find the diffctwice 
in the density- of brass at the two temps. {C. U. 1951) 

[dns, 0-216 gm./c.c.I 

27. A grid.iron pendulum is made of S iron rods and 4 brass rods. Each of 
the brass rods is 50 cms. in length. Find tbe len^ of eaeh iron rod. 

(C. U. 1948) 

(a for iron-l2xlCKpcr«C. 
a for braS5=18xlO"*per*C) 

[Am. 50 cms.] 

28. Describe the effect of varying temperature on the rate of a clock or svatch.’ 

Explaic how chroQomeiers arc constructed so as to keqi accurate time in spile of 
changes of temperature ? (C. U. 1925) 


29. Why should the time of osdnation of a clock pendulum change with rise 
of temperature ? What arrangetnent is made to make the clock give correct time 
both in warm and cold weather ? Given that the coefficient of linear expansion 
of brass is 0-000019 and that of steel 0-000011 ; what must be the relative lengtiis 
of the bars of the metals used in the Grid-iron pendulum ? 


[Arts. 11:19] (Pat. 1936 ;G. U. 1949) 

30. Write explanatory notes on compensated clock-pendulums and watch 
balance tvheeh ; give diagrams. (Utkal, 1954) 



aiAlTKR III 

EXPANSION OF LIQUIDS 

31. Dilatation or Etrpansloti of Liquids : — Lirjiiidt mutt 
aluaj-s be kept in vessels, and since the liiiuids base no deliinic aliapc 
of that own, and alv.ai’s take llw sltapc of the coniainint; vcsscu, 
(lie thermal expansion or contraction m tlic ease of licjuith n alv^ap 
cubical and linear or area expaminn lias no meaning for them. 

Real and Apparent Expansions. — In any e'iperiineni on (lie 
tlwrmal expansion of liqxtttb, ti« Itrjtud has to be placed in a vessel of 
some sort, and the heat applied will also, in most eases, make the 
vessel expand. As a icsul(> the liquid cepansion which we tiliseevc, 
called the apparmt expan»M kJ i^e U/pnd. it less tlian iti real erpanoon. 
The expansion of the sc^el p.irtly maliex the expannon of the liquid 
and m.ikea the latter appear less than what ii really is 

Til Tiq. 20 temperatures are rcpresentctl altins; die ahwitxa and 
volumes along the ordinate. Consider A glau vessel cotil.-iirting a 
volume OJt of .t given liquid ni *XC Suppose 
tU temperature is railed to I^C. represented 
by O.i Let the straisht line fiC represent the 
cxpansuMi curve of (he vessel, nwiiining llic 
r.xpansion in take nl.*iec iiniformly as the 
temperature rues so that ai »‘C the lohime is 
jn. Again, let (lie siraicht line HF represent 
tlie expansion curve of die liquid so tliat iut 
volume at t’C. is dF, assuming the liquid 
ntpan.sinn to l>c greater and nlsu unifumi 
over the temperature range considered I.et 
the horizontal line through li meet the vertical 
line AF at I), so that DF gives the real expansion of the liquid for 
t’C. nse in temperature, while DE gives the expansion of the 
vessel for the same rise. Tlicrcforc, llic ebsened expansion, 1 1. live 
apparent expansion, will lie given by /JFonly. Since f)F-=-DC‘*-l'F, 
the real expansion DFofthe liquid w equal in the appareni expansion 
EFoT the liquid plus the expansion DC of the vessel. 

Or, apparent expansion >^real expaniion— expanilon of 

N.B. If the liquid is more evreuisible th.in the material of the 
vessel, there vvill t«, on the wliofc. an .apparent expansion of llie 
liquid. In the reverse case, the liquid will apparently contract. If 
tlic two c.xpand equally, Che volume of llic liquid will appc.vr to remain 
cnnsiani. Recauve the liqaliU, in general, cxp.vnd ibotc dvan the 
solids, there is ordinarily an apparent expansion, when a liquid ii 
heated in a vessel. 



R? 20 



EXPANSION OF UQDIDS 


345 


Note a!so that a hollow vessel eiqiands as if it were solid, having 
the same volume, because if the hollow of the vessel were also solid, 
after expansion it would fit in with the outer vessel. 

CoefiBcient of Expansion (or Dilatation}. — (i) The coefficient 
of apparent expansion of a ligirid is the ratio of the apparent increase in volume 
produced by a rise of lentpetaUire of 1° to the uolume of the liquid at 0° ; or. 


symbolically, -j 


' VoXl 


(it) The coefficient of real (or absolute) expansion of a liquid is the ratio 
of the real increase, in Bolame podaced by a rise of temperalure of 1° to the 
volume of the liquid at 0“ ; or, symbolicrdly, 

real increase in volume 

y.x/-— ■ 

The above two coelBcicnts arc little affected if the increase in 
volume is referred to the original volume at any temperature instead 
■of to the volume at 0®, for the expansions of all liquids are small. 
So, as pointed out io the cases of linear and superficial expansions, 
the mean coefficient of liquid expansion, real or apparent as the case 
may be, may also be expressed as, 

Coejf. of expansions^ 


increase in volume 


onginat volume xtise in temp. ' 

Relation between y, and — If a volume of liquid be 
heated through t®, Its real expansion — apparent expansion 
= expansion of the vessel*=fjy.f, where y=coeff. 

of cubical expansion of the materia of the vessel. So because 
rial expansion => apparent expansion -{~ expansion of the vessel, 
yB-Yr-t=^%-Yot+^oy -( ; 

.or, y,=y«+y. 

32. Variafiou of Density with Temperature 5— Wc know 


rthat density= 


volume ' 


Let m gm. of a substance (say, a liquid) 


•occupy V c.c. at 0°C., then its density at tliis temperature, d,,=mlVo 
gms./c.c (1). The volume occupied fay the same mass at 


t°C. will be F(, when the denaty, di =mlVt gms./c.c (2) 

But F,=Fo{I+y,t}- -(3), where y, is the coefficient of real cubical 
expansion of the liquid. 


or, d^—dtil+yti) ■■ (4) 

or, (i',=dj,(H-y,()-* > or, <4=<jl,(l—y^f), approximately .. (5) 

_ d„-d, 
d^ 

(Note. Compare equations (3) and (5).] 



INTXUirDIATX PltVSJCS 


3<G 


(;) Tkt L }SS9 tl O'C. m^i 

•J JO iiiairanj tf mtttv’j «l lOO'C., ef tip^vicn fj tntfnry 

l^t i^,*—deiuity of mercury al 100*C, ilcmiiy of nicnurj 
»Ve have, rff—^i.Cl+V) 

pr 4 » » _ 1111 ■ 


So, the volui 


+>> l + 

SflXIOCO SOKtOOO 
'^T'- -IJ W-XiSJC** 

MM) 

orr hrim-vlti traJt 4^)/c ftartif 6 9JiS tm a h^i,/ er /5“C U 
/•f'C'.? Cor^ntn! tj fttiKtf et/^nea ^ Utf li^jmJ^O-VOOHS «■ 


M.’/ 



Again the nau ef t’l, &c. of IkiuuI at IS*C>- 

.. (. 

{3) AtjU’iiittf t>nn 79 tvhrt lo»f/!»nU ittlt.o!{f inmrrarr. h»[h fringel iSr 

ff'e. 11 M l/»ipffalure ruti u 100 C , A»« nmfi aiU l\t nIjiJrt (lat ’ t/i tf 

a/'irsn bI (TCmTC. >p p •/ al 0C-}3C, latvst ttrantm i/ ntxo.i 
(tPirri (KC *\i JOB C.mC OISISJ f Ixuet ec/>«v>ae ^ im itUff'i 0 1 f!j 
lOrC^OCOIISi) ^l-ul J’JIJ) 

l,«t t, and /,M be the lengihi of the c>l>n4ef imaimetl in neicury and .1,, 
be the areat of the cylinder at O'C and lOU'C reapeeuxly. 


The density of iron at f**C “(7 C*W S| lU. per cu ft »ay , and tV>ai of 
iTKTCury at C"C — (13 C xC2 5) Ito per cu ft •>(v *ai , and Id iheif cofinlwfnt.tn 
demines at iOO'C be d,M< and ri«< 'ben from ei] S. Art 32, 


-3x0 001163) and p,m- 
Dy llir Uwof ficiitilion Vic have 

and {20CI+0-0011£OJ /t,w) 

iVom (1) ve have, 


p, < I - tttjreiS). 

• I'ftm 

;ox{7t.cas. 

'176x635' ' 


-11 7C* 


and from (2), 20(1 +0-001 ia2)xe;(l -3 *Of»lia?)-f,»xy^[l-0<Hni53) , 
or. 20(1 +0'001 182) X {7 6 xt'2 3l i 1 -0-00354G) 

•-<,mX(I3-GxC 35) (I— 0-018153] . t>hence 375' 

Sa the extra leneth cf the cylir»d»» which u>n link n mercury *.tien 
umperaiiire nurs to IOO'C -( I x55— « I76>~« 159'. 


'2) 


33. DeterminatioB of the Co«<Reieot of Apparent Expaaaion 
of a LIqaid :— 

(i) The ^Veighl-thennofTtetrr Method. — 

The follotvinc method in taliidi a tieight.thcrnioincter it u<ctl it 
I eontenient laboratory method fof deienaiping the coefTicicnt 
of apparent caipansion of a licpiicl. Tlte common form of lucii a 
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thermometer consists of a glass-bulb (Fig. 21) having a bent capillary 
stem drawn out of a narrow nozzle. 

A glass tube of suitable size and material is taken. It is, at first, 
carefuDy cleaned and then dried. By blowing, a bulb having a 
capillary stem of the type shown in Fig. 21 is then made. The 
wt.-thermoraeter so constructed is then carefiilly tveighed empty (w 
gms.). It is then completely filled with the given liquid by dipping 
the nozzle inside the liquid and alternately heating and cooling 
the bulb. With the nozzle still inside the 
liquid the rest of the bulb is kept immersed 
for sometime in tvater in a tub at the room 
temperature. After the contents have 
attained the steady temperature (say liC.) of 
the water which is recorded by an ordinary 
mercury thennometer ioserted in the water, 
the bulb is taken out, vdped dry, and we^hed 
again (W] gms.). The bulb is again put 
under tvatcr in the tub with the nozzle now 
projecting outside. The watetjs kept well* 
stirred and gradually heated until a suitable Fig. 21— Weighu 
steady temperature, (say t^C.) is attained as Tbermometcr, 

indicated by the inserted thermometer. The contents of the iveight- 
thermometer now have attained the raised temperattirc of the bath. 
As the temperature is raised, the liquid inside the weight-thermo- 
meter expands and some of it is continuously forced out until it 
reaches a steady temperature. The thermometer is now removed 
from the bath, allowed to cool and finally brought to the room 
temperature by dipping it Inside water as was done previously. It 
is then removed from the bath, wipped dry, and weired again (wg 
gms.). The residual liquid in the bulb, however, contracts to a sinallcr 
volume due to cooling. 

Calcu l ation — 

Mass of the liquid filling the tlicrmometcr at Cj^C. 

gms. (say). 

Again, mass of the liquid fillin g the thermometer at t^C. 

=io.-w=m 2 gms. (say). 

Neglecting the expansion of the TtKight-lhermomeUr itself, it is 
evident that the volume occupied by gms. of the liquid at tiC. 
is the same as that occupied by m. gms. of the liquid at t^C. Now 
the volume of mj gms. of the liquid at t^C. is equal to mjp c.c._ where 
(5==density of the liquid at ti°C. in gms./c.c. So this is also 
the volume occupied by jn, gms. the liquid at t^C. But the volume 
of ffij gms. of the liquid at tj®C. is mg//> c.c. So we find that a mass 
of tTjj gms. of the liquid, when heat^ frenn fj®C. to opparentfy 
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expands through In other words, the coelT. of apparent 


<3patwion of the ln\md, ■)<«= 


-■x 

moss ofliriuid expelled on healing 
mass rcHiamingxnse of temp. 




Since the coelTicienc is ohtained in the expJ. fnim diJTercni ud’htr, 
the nieihod is hntuMi as the iieighMhcnnonietrr method The 
method is not suitable (or solatile li(|iti<U. 

Absolute E*pansle«».-~-Thc cticfTicienl of nhj»/iifr irpaniien of 
ihe liquid can also be calciiluteil in the rvlloising t«ay from the abot’c 
data — 


Let /j— > Then f',- r.fl -f y.fj, wlicrc y is ilie coefllcicrit of 
cubical ctpansiiin of glass, and +y,./} [riiif Art, 22), tihere 

y, is the coelTicient of absolute expansion of the litjtiid 

r,^ _ r^n t y,i) H y»r. 

" l-ry« ’ 

'i+oityri-n, -m.vt, 


From Eq I , — 


or, m,y,-» ""i ^ '"t + ,„,y , or, y, =* ^ 

If only the apparent expansion is required, y should be neglected 
and the cociTiciciit orap|).ircni ex|>aii5i<>n becomes. 



Notes, — (t) Because in llic abote experiment (and not 

volumes) arc taken for the determination of the rneflicirnt of expanl 
sion, It should not be thought ilral the ojefiicienl of exjxmiion ii rqiia- 
to the increase per unit mass of the liquid for 1' rise of temperature. 


(2) Tile above jnstnitnrnt is cnllctl a JlVi^At-tAmnonrrtfT, bcc.ause 
by knouvng the coefTictcnt of apparent expansion of a liquid an«l 
by finding the ueight of liquid expelled at i)ie higher teniperaiurc 
Me can determine an unAiuan temptraitat. 


Cxjrmplr*. — {/) TV rur,, *f trur 
n>on ArrirC firm ut J» tuam firm. 
On healing lit lalJi, £ Cl gms, «f » 






TVs Tsasa nt evtscue# «v«t'toy«4 tw IWJ— 0,’C — ^ t 

Tt'e nvA« ovn{l.T-«l for jm 

So f,f the overflow of 8-04 pnr. of m<-feury, i*ie rtw of rrrrrrrrti 

Hpnce the arrus] lemperiture ©T itir 
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(2) A weighl-tUermomcUr 40 gnu. nAai ea^ty, and 4S0 gms. when Jilted 

with mereu^ at (J’C. On heating it to lOO’C., 6'85 gms. of nurntry escape. Cd:ulc!e 
the coejkien! of linear expaiuion of n/au, the eoeSdenl or real exiansian ofmeram ieine 
0-000182. J J & 

Mas of mercury in the ihenoometer at 0°C.=490— 40 =450 gms. 

The mass of mercury left in the tfamnomecer at 100°C. 


The coefficient of apparent aqiansion of mercury 
kr = 04)00I55. 


Heno 


“443 15(100-0)“ 
the or 


tbical es^>ansioii ofglass—eocfiicicnc ofrcal errpansie 


— roeJTicient of appai 
=-0OO0I82-O-O0OI55=0-OOO027. 

The coefficient of linear capansoQ of glass— 0'000027-T-3i=0'000009. 
(3) If the eoffficunt of appyent expansion of merany in glass be eJetSf ttikat 


mtreusy will ootrflow from a useight-timmomtter wlueh 
whin the temperaluri it raUeif to W'C ? 

m. — m/ 400— nr 

We have, ; or. ---jgo.O) ' 


gms. of mereury at O’l^. 

(C. U. 1930) 


uU~lo)’°' 

. 2600000 
whence m/=« 'ssg^ — 394'53. 

The mass of mercury expdletl—m,,— m/=400 — 394'53>=5'47 gms. 

(ii) Dilatometer or Volume Thermometer Method. — A 
dUatometcr (Fig. 22) consists of a glass bulb with a graduated stem of 
small bore leading from it. Ii is used as follows : 

Weigh the dilatometer empty. Let this be Wj gms. 

Introduce mercury in the tube to fill die bulb and a 
part of the stem up to the zero mark ^4. We^h again, 
and let this weight be Wf. Put in more mercury to fill, 
say, up to B, the length AB being / cms. Weigh again. 

Let this third weight be Wa gms. Then the weight of 
mercury occupying I cms. of the stems=(ui3— toj) gms. 

^say, ffij gms., and the weight of mercury in the bulb 
and stem up to the zero inark=(w2— wO gms.=njj gms., 
say. 

gms, of mercury would occupy !L x/^ urns, of 
the stem, and the volume of the bulb up to the zero 
mark of the stem=^ x/xo (if a sq. cra.=arca of 
cross-section of the bore of the Stem). 


The bulb and part of the stmn of the dilatometer is then put in a 
•water bath, the temperature t, of which is measiired, and the length 
fj of the mercury height, at temperature <j, is read accurately. 
Increase the temperature of the water bath up to IfC., and read the 
level of mercury which is, say, at C now, the length AC being L cms. 
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Tlien llic volume cxn:iralon of {(i”y cm*, nf mercury column for 

{it-hYC. 

»(/j— c.c , and U»c on'sinal volume = 


Mean coefficient of eitpansuitt between t^C. and 
tnereare in rolutne 

Uns^nal eelumi xrue in timpfratan 


Note — Tlie ealoitmoo *>ilt ci'JtT tf the denirty of the i» tupplifd (tijlr 

e^ararle 2 below). 


Fauimple*. — l/) Ai^nstl 
uAkA hoc u av auUt Itn; 
of {«ljw trfiwui •/ meKvrj it 


gj» ttU tf vjtrnt ee/illi'T ie't tenlavu t A'raJ */ 

.V KKfC UuJCjfnnt ionfrr If iSl 

odOOtiJ, «*«r ti iht tMfjtmt f/fremifv t/iUti f 

' {t il. l 9 /ti 


CeefTicienl ef exfiannon of mormry 
^ J 6 5 em x axra. of the entuu^u- 
IDU cm. H <(04 ef croo-acettoo . 


inercatf in 
Original volume > 


WOUOKil 




CoelTirieni of mbieal rapamnn of gbw-coeOietrni of atnoluie expaniion of 
mereury — coelTwient of oppairnt etpanvion of tnefcury fnir Ati. 31) 

-» 0 000 1 Q2 - 0 -OCO J $ J - 0 0000 1 J 
Corfneient ef linear eapaniion vf glau— «, c 0000030. 

(2) A Mi uitJi at aiatraulf paitna'iA ivm e/ urnfm tart uenb 39 pat 
tchn rmf'fr. J3<t ftti nhft f^t/ditui taftimvj i/fi ti cAr I6tk tltrum, und SS^j 15 £tnj. uhn 
filUd »p (i llOOi Ji.uum Fmi thr nwiv cw^irvitl «/ affsrnC t’pmim e/ tia (lyivf vAsA 
jaU tSt iuti eni iSt (tm $p la I9t zna tf 'V p-adaUtant at 0 C , biJ up la lia tl/lS A tiun 
«I IOC. (TAi <CVI1IT a/iMtaay w tSO) 

■n, ..p.™, .t .1, wi, ™a If. .m.«» .1 ,h. .ttm - n'i’ - f,\ , 


and l^e interrJ 


Ilmcc llie 
320 
" IJti 


il vclgiTie of each diniio 

eapaeitr of *he ttilh 
_0)5<IG 1^320 0 

13 OjeSAi " I3t..<-t2 


3WI5 3V, 
ISOadlO-ibj 
with (be r*<n of iht 
ce. Thui the ini 


lir^uicl M ^ toial arrurenl incrri 

m / 0 u 

“ iJtixyi ”■ 


0 I'l 
'iJ'bacb 


of i-olv 


Jlmce ibe t«ni<i 


cl apparent eapaiuijn 
/80y0I5/13»l>B ^ 
\lTt;x'Al/l3fc>t47^' 


of (be IiijuiJ 
10-0 OnnoKJS 


r the si^o 
. of Ihe 

for icrc. 
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(5) Th coejjciml of aLsotuU cxpanam of maaoy is O'OOOIB ; Ihi coijfdent of lituor 
expansion of glass is 0-000008. Mescury is flaiedm agraJaalei aibe and occupies 100 divisions 
of Ihe tube. Through kaw many degrees the lempeiatsm of the tube must be raised la cause the 
mercury io occupy 101 rlmsiens ? 

Let t be tlie number of degrees ; then the length of the mercury column for I* 

rise of temperatures- 100(1 +0-000180. 

OTiis becomes equal to 101 divsions of the tube after expansion. 1 division 

of the But ] division of the tube becomes (1 +0 000000!) 

lHii:j«l> = ,+o-ooooo8t: 

whence <=» o^oig^-Q-OOWOS " tRltfI§2 “Sa-Z’C 

34. Exposed Stem Correction for a Thermometer ; — The 
correction for the exposed portion of the stem of a thermometer will 
be best understood by the following example : — 

A mercurial (hermomeler is placed with its bulb and lower part qf the 
stem in a liquid and indicates a temperature t°C. The upper porlion of the 
stem containing 'n' dimsion of mcTeury <o/wnn is in air at FC. Find the 
true temperature of the liquid. 

The true temperature T® of the liquid is that which the thermo- 
meter would indicate, if completely immersed in the liquid. Then n 
divisions of the mercury column, now at FC. would be at T°C., and 
at that temperature would occupy n{l-i-y{T— 6)} divisions, where 
y is the coefficient of expansion of mercury in glass. 

The corrected length of the exposed portion would be greater 
tlian the actual length by «{l-t-y(2’— tf)}— n=n(2’— 0)y. 

Hence, the true temperature of the liquid, 2’=t-4-n{2’— 6)y. 

Example. — The bulb of a mercurial IhersnameleT mi the stem up ts Ike zero mark are 
immiTjfif in hot water nl lOlFC., while the remainder qf the stem is in Ihe nir at 20'C. What 
will be the reading of Ihe Ihetmemeler i 

Using ihe formula given already, vfe have T^IOO, n=/, 8=20, y='000155 
!00 = <+!x(100-20)x0-00015s=l-0124/ or, /=98-77“C. 

35. Coeffideut of Absolute Expansion — (a) Dulong and 
Petit’s Method : — In 1816 Dulong and Petit developed a metliod 
of determining the coefficient of real expansion of a liquid, i.e. in 
which the expansion of the containing vessel has no effect on the 
observations from which the expansion is to be calculated. 

The method con.sists in balancing the pressure of one column of 
mercury at a certain temperature against another column of the said 
liquid at a different temperature. Since pressure is measured by tlic 
force per unit area, it is independent of the cross-section of the liquid 
column, i.e. the method is independent of the expansion of the tubes 
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containing the liquid. So the method pi'YS the cocrticirnt ofrc.-il or 
absoluic espartion of the liquid.Tlie liquid laJicn by ihem wai mercurj. 



t'le 23— UulORc 
and I’riu’t Apparatut 
plieric preiture 


Tlie app.iratui comiitt of a U*iiil>c filled wnih 
the liquid (fig. 23). One limb of ilie U-tubc b 
kept cofd by packing one of the jackets «iih 
melting ice, avhdc tlic temperature of the other b 
increased and maintained by pawing sie.im thouqh 
tlic jacket. A piece nf Idotimg p.sper eonnamly 
JoaVtd wnl\ wMcr is placed on tlte hoTizomal 
portion in order to prevent n flow of the liquid from 
one limit to artnilirr. Thus Ino diiTerciit tempera* 
turn are maintained in the liquid in the two 

Let hi and hg be (lie heights of the two liquid 
coVumm at »*C. and CTC. rtspecthely. 

l>e (he (tensiiy cf the cold liquid of the 
column, and </« be that of ilie hot column, llien 
the pressure exerted on the hnrirontal portion of 
the tul»c by the cohl column ssA,yL?+/’, and that 
by the hot column - ft, d,; V T, vhere T— atmov- 
ihit, since the ton liquid edhimns arc in equilihriiini, 


tve imt > 


4 . 

di fto 


But rf® -* Ji (1 "y»0i "here yr 


is the coefneient of real expaitsion of the liquid. 


y»= 


ft/ -A. 

V" 


(I) 


Laboratory Experimeol. — Tlie .above experiment can be done 
in a laboraiorv by circulating water at tlir room temperature throiich 
the Icfi-harU j.ickct, instead of mdiini; icc, Ilie furmula (1; shoulil 
then be shghti) changed as follows 

Let fti and ft, lie the heights of tlie Co**’ and hot cui.itnos, and 
t,, i, their tctnperanirc!- If <1,, i/» the nensitirs of tlie cold and 
hot columns respectively, sve hate, , 

or, in-ir-i ; 
or, A,(l+yrii)=ft.{l+y,f|) : or, 

ft,-* , 

ftib— *»»r 


Strarc«» o? ewav- — 

(1) For liquids having small coeHicients of expansion, lueh as 
mercury for which the value is OOOOIB, the diffcrmcc in licipht 
between the two columns s»ill be small, and with the apparatus 

described aboveit will not be an easy t.s»t to measure it scry accurately. 
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A calheLometer telescope may, however, be used, instead of a metre 
scale, for greater accuracy in this respect. 

(2) Some parts of both the columns are always outside the jacket'; 
temperatures of these exposed parts are not knovvn definitely ; nor are 
they taken into consideration in the calculation. 

(3) The blotting paper moistened with water placed on the 
horizontal part of the tube is used to prevent convection currents but 
it fails to do so completely, and so the hot and the cold liquids will 
mix up to some extent. 

(4) Temperatures of the mercury heads in the two limbs tvere 
different, This introduces a difference in level due to inequality of 
surface tension. 

[Note. — Tire above method is independent of the cross-sections 
of the two columns and so the diamchtrs of the two limbs may be 
different without in any way interfering with the result.] 

In the modified actual aiTangement used by Dulong and Petit, 
the upper ends of the two vortical limbs were again bent at right 
angles towards each other and were placed side by side for convenience 
of reading. A plane mirror placed behind these two tubes was used 
to avoid parallax. In Dulong and Petit’s apparatus, the top of the 
hot column of mercury had to project above the bath in order to Kc 
visible and hcncc did not attain the correct temperature. The two 
mercury surfaces also had different curvatures, because the surface 
tension of mercury is much less when hot than when cold, and tiffs 
dill'crcncc in curvature was difficult to allow for. Kcgnault 
subsequently removed the a1x»vc-roenlioncd defects in a highly 
improved apparatus.] 

(b) Indirect Method. — Knowing the coefficient of absolute 
expansion of mercury by Dulong and Petit’s method and the coeiEcient 
of apparent expansion of a liauid and also that of mercury by the 
wcighc-therinoineter or any other method, the coefficient of cubical 
expansion of the material of the weight-thermometer can be obtained 
and also the coefficient of absolute expansion of the liquid as shown 
below. 

Suppose the co-effs. of apparent expansion of mercury and 
glycerine are determined by the same weight-thermometer. 

Let yr"‘=Cocfr. of real expansion of mercury. 

y„’"= „ „ apparent „ „ „ 

y,^ = „ „ real ,, ,, glycerine.., 

= „ ,i apparent „ „ „ 

y = ,, „ cubical „ „ container. 

\Vc know, yr”‘=yii’“+y •• •• (1), and 

y/^ya'+y -• -- (2). 

From (1) and (2), Knowing y,™ and 

experimentally determining y®” and y/ by the same weight-thermo- 
meter, y/ can be indirectly thus determined, y for the container 
can he calculated cither from (I) or (2). 

Vol. 1—23 
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(cj Jipgnault’* Mpihod.— Rcgnauit ( apparajgs corwisu of tw 
vcrUcal iron lulw Alt qih) CD (I Ig. 2t) jomed at the top Ijy > 
Itorizontal a'Cii>s-iiibe Al> vhicb a top |ic>le /•. Suppose one o! 
(lie tubes say, ts placed in a s«atcr bath at llie room temperature 
/| and the oilier lube CD u imnictsed in a hot baih i\iiu3e teiripern* 
tvirc can Ijc tnainiamttl constant at any desired tcmperaUiTe I.. I'tir 
unifurrnity of iciiipemture, stirring arraiigemcntt arc protided m 
both the batlis. ‘l]ie Iiorisontal cross-tube ItC nliicli connects AD 
and CD at the bottom u tntcmipted in the tniddle at E and 
C svhere isto vertical glass tubes DF and GJ arc jnined and 
connected t\iih each other. ‘Ilie inter-connected tubes El' and OJ 
arc connected through a side tut« 
j [--^t D loan air.rcscnoir H hose pressure 

T J can be jnod»ned by an air nuinr. 

I ^ t'-‘! I lobe* and CJ are 


. placed imide ft common \s.iler 
H ^ room temperature. 

I "??' I f ■{ll Mercury is poured into AU and 

-S-' h|h f I forced in 

->Ji i <L > U I ibtouRU tlic pvpe J’ fttwn an ait* 

rcsersoir by means of a pump 
* ^ svhereby tJie lesel of mercury in 

Tts- it— Rspssuith appMttuv tW »nd CD lecoires ct^ual, 
any rucrts mercury llouirg oul 
(lirougli the opening I- Tlte pressure on the lop of mercury in the 
columns EF and GJ u ilie same and eciual to the pressure ol air ui the 
rcsersoir. Regnauli measured die tempre-attire of the hot column 
CD by immersing into die IkjI loili the bulb of an air ihermometcr 
and tliat of liie cold column AO by means ofn mercury tliemiomeTcr, 
Theory. — .Suppose pi nnd /.j arc the densities of mercury Cl 
temperatures I, and Ij rcspctiucty. Now the pieisure mi the lop 
of tlic mercury column A,)p,.j and that on flic top of the 

column CJ=^II pfS^^jPtSt ftnd these pressures are c(|ual. 

PtS~*>*PiS . 

or, (D— ^i-l-A4)pi=i=/yp* ; 

Pi _//— A,+/j _/f— (Ai— A,) 

P. ■ // i/ ' ‘ ' 

R\it Pi=Pi{l — yr(l*— (,)), where y,= OicUicient of .absolute 
expansion of mercury. />i'#>i*=t— 

l-r. ( 1 ) and ( 2 ) 

... . ^ 

Ads'antages over Dulong and Petit’s Afethod.— In Dulong 
and Petit'* apparaius tlie tempcraiures at the dilfcrcnt parts of the 
hot or cold column s*ere uncertain, for llic Laths in wliicli they were 
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placed could not be stirred. Renault placed tlicm inbatbs which 
could be constantly stirred, and moreover the hot column could 
be given any desired constant temperature. In Dulong and Petit’s 
method, the heads of tiie mercury in the two comparing columns 
being at dilTercnt temperatures, the effects of surface tension on 
them were unequal resulting in an error introduced in tlie observed 
difference in heights. To remedy this defect, Rcgnault brought 
the heads of the two columns close together and placed them at a 
constant temperature in the same bath. 

Moreover, Regnauit’s determination of the temperature of the hot 
column was more accurate, as it was done with an air thermometer. 


35(a). Callendar and Moss’s method of determining the 
coefBcient of real expansion of mercury : — A simple description 
of the method is as follows : AB and A'B' are two vertical tubes each 


about two metres long, 
bent twice at right angles 
having pordons 3C and 
iJ'C'horizontal,and portion 
AA' narrowed to smaller 
diameter in order to re- 
duce circulation olmcrairy 
from one vertical tube to 
the other [Fig. 24.4(<»)]. 
The tube system contained 
mercury, AB is surrounded 
by a water jacket which 
is cooled to 0®C. by means 
of ice packed in a .jacket 
M around it, the water in 
the jacket being kept in 
forced circulation with the 
help of a mechanicaJiy 
driven paddle. A'B' is 
surrounded by an oil bath, 
the oil being electrically 
heated by means of an 
wire loop Q_ immersed in 
it and the oil also kept in 
farced circulation caused by 
a second paddle B. P and 
P' are pt. -resistance ther- 
mometers, the bulb of each 
of which extends through 
almost the whole length of 
the batli. They indicate 
respectively the mean tem- 
peratures of the cold and 
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ihc hot bnth accurately. The porlions CD and CD' of the ti>Tj 
tubes %kcrc also at Q'C. (arrangement not sliottn in the fiRurc). 
Tlic portion BC and B'C of the tubes are made siricd,- 
horixortal ulierc they project out from the jii the actual 

apparatus of C^llcndar and Moss there were Sw pairs of hot and cold 
columns placed in icrtei, the successive columns [wvns alternately hot 
.and cold. In onlcr that Jteat may not pass along ilie horizontal tubes 
each of the luo scrticd array of tubes is silt er-soldcred to a masshe 
l)ra5.s bkx:V kept at 0 C. by means of ice<old Vinter flowing 
comiiiuQiisly through a tube passed through it [fig. 24d(t)]. Tlic 
.x«umption is that the temperature is O'C. at all points except in 
the hot bath 

Catlendar and Moss measured the longer lieigiiLs svjth a carefully 
calibrated steel tape and diUercncc D'D between the niercury' loj« 
in Ihe hot and cold columns of mercury with a cailieiometer 

Tlteory*— I<<t /A and //, be the lengths of A'/J' and AIJ at 
temperatures t“C. an<l O'C. Suppose A, and A', to be the lengths 
CD and CD' when both ufthesecolummnre at O'C Then (he prc&tures 
at zl and A' will be Z’+gAjA* and /’+gA'*(>e+g//ep,» if p, 

and Pi are the dersues of mercury at O'C. and t’C. and /’Batmosplierie 
pressure. Tliey being equal, ne have. 

y,« co-eff. 

of absolute or real expansion of mercury 

■I'”'"- 

ence inlcvcls DD' 

Tlic mr.m vuluc of y, between O'C and lOOX’, as determined 
by CaUendar was 1 82 y ID”* per “C. and U rncrewed ns the tempera- 
ture increased. 


36. Apparent Loss its ^Veight of a Solid dipped in a Liquid 
at DifTereat Temperature* i — A solid of volume I’c.c and known 
weight is weighed in the liquid at O'C Let the apparent Ifws in 
weight be If,. It ts lUen weighed again in tfw liquid ratseil to 
temperature I’C , and let the apparent toss in weight be llV 


Let dj, ’^densities of the liquid at O'C. and f'C respectively' l 
yt-.mcan. cocfllcient of cubical expansion of the Solid lietwveti OC. 
and l°C. ; ^^acceleration due to grav*ity. 


\Vc have, according to Archinvedes* princip! 
diipl.sced liquid at 0'C.*“ Ife*=l'X^y^^ ... 

where I' u ilie volume of the »lid at O'C. and so 
liquid displaced at O'C. 


c, weigUt 


of the 
(«> 
: of the 
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When the temperature increases to <“C., the volume of the solid 
bccomes=F(l+y/}, tvhich is also the volume of the liquid displaced 
at t°C. The weight of the displaced liquid at i°C., 

( 2 ) 

From (I) and (2), (1+yi] 

~ i~St+yl~Eyt^ ••• ••• ' 

where S=mcaii coeff. of expansion of the liquid between O’C. and (°C. 

So the loss in weight IFj, at a higher temperature, is less than 
11^5, the loss at the lower temperature, since 5>y. Therefore, the 
uieigkl of the solid in the Hgtiid will increase with rise of Umpratnre of the 
liquid. 

Cee£5cieot of Espaasion : {Hydroslalie Method ). — 

Knowing the value of y, wc can also apply this method iti 
determining the coefficient of expansion of the liquid. 

We have, from (3), = I—;— ? 

' M''* l+yt 

whence (4) 


4°C. iSii CO’C., taking ikal of glass as 0■O0W24. 

Wt. of displaced water at 4'’C.=47— 3I-53!*15-47 goo. 

Volume of displaced watcr*I5*47 c-c. and this=voiume of glass a 
Again, the volume of glass at (50°C— 15-47{l4-0-000024(60 -4)} 

!=I5'49 c.c.=volinnc of displaced water at CITC. 

Wt. of dispbeed water at 60'C.=47-31-75=s 15-25 gms. 

Density of watcrat60’C.=15-25-~15-49. 

Now, if if=densicy of wafer at4"C., d'=dcimty of water at $0'C. ; 
y^coefCcient of cutneat expansion (rf* water, 

we)iavc</’=d{I--y(60-4)); o 


whence y=-000276, since, d=I. 

[N.B. The value of the coefScient of expaosioD can also be determined by usinir 
Eq. (4), Art. 36 (HidtosiaUc Method).} 
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’the central part, therefore, gradtia!i 7 foils and comes to O’C., when 
ice begins to be formed. Small crystals of icc tend to rise to the 
surface, melt and cool the svatcr in the upper part, causing a rapid 
fall of temperature there. So, now the upper part of the water comes 
to O’C., as indicated by the ^ermometer tj ; all this time the water 
at the bottom remains at 4'’<7. Crystals of icc formed in the central 
part float up to the surfoce bang lighter than the water there. 

Densest liquid occupies the lowest position and as the lower 
thermometer indicates a constant temperature of 4°C., it is 
concluded that voaier elUdns its maximum density at 4°C. ; otherwise, 
it may be stated that lualer at i^C. expands whether it is healed or 
ennUd. 

The reading of the tivo thcnnonieters, entered in a graph, will 
be as represented by Fig. 21[b). 

41. Practical Importance of Hope’s Ekp®”™®*** * — fact 
that tvater has a maximum density at 4®C. and expands both at higher 
and lower temperatures, has a great practical importance in nature. 
If the density continued to increase until (fC. was reached, ponds 
in cold countries tvould freeze solid from top to bottom in severe 
frosts, and ultimately the whole of a pond would be a mass of ice, 
and that tvould destroy the aquatic animal life. But that docs not 
aaually take place and what really happens can be explained as 
follows : — 


Let us consider a pond where the air above the water surface is 
below 0®C. (Fig. 23), The water on the surface, on cooling, becomes 
■denser than that belotv and gradually sinks dot'mwards. This 
proceeds until the tvatcr temperature foils to 4®C. As the surface 
water cools below this, it becomes less dense than the water below, 
•which is at 4“C., and is the densest. It therefore remains at the top, 
though cooling more and more, and finally freezes into icc. As ice it 
also remains at the top, for icc is lighter than water. The layer of 
ice formed acts as a tbenna! barrier and does not allow much heat to 
pass from the water below to 


the colder atmosphere above, 
for ice is a poor conductor of 
heat. Extremely slctvvly the 
thickness of the layer of icc 
•develops, the rate of heat 
transfer from tvater being very 
small. The temperature of the 
deeper layers of the water in 
•the pond remains nearly at 4°C. 
and foils gradually to (FC. 
■uprvards till the layer of ice is r« 
is thus preserved. 
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42. Correttloo of Barometric Beading TTir prt«ure 
cxcnctl liy a column of 2eroAlegr«-o>td pure mercury (drn<ity 
= J3-5DG gmt 'c.c ), 76 cmt. tn height, at the sea-lctel at -tS' latitude 
(uhere e«=03L)6 crnt/scc*) « called the Standard pressure. If 
a eomparison is to be m.nde, the otetTved barometric height .at .a phcc 
should be so tmiitfiirmrcl as lo corfcspond to tlie .alwcc it.ind.ird 
ccinclitioiis. Hut berore tlic observed height »s tmnsfonned to standard 
cuiiduJtins, It has to be corrected, because tlw scale with ishich the 
height is measured may be at a dllTerent temperature from that at 
^vhicli It is graduated. 

Temperature Carrection for Scale. — 

Suppose the scale is graduated at O'C. At Jiigher temperatures, 
cadi division of the scale «vill extend in length. So the observed 
Iseight, J.iy fri, at a temperature TC a» meastireJ by such on expanded 
scale will be smaller than its real value. Let 4, be the correct Ises^Ht, 
had the scale been maintained at So, 4,<«4i(l-fa0> tvbeie 
oncoerr of linear expansion of the material of the scale. 

TraosformaUua of Corxected Observed Height to Standard 
C«ad2tioaa«— 

(tf) T/ais/i>ma!ioi io erro-rfrjree^flW irtrrniry— 

The corrected height A, it a column of merciirY at l*C. To 
transform It to zefTM3«{ree»cold inetcory with wiilch the height will 
be, say H, wt have 

/f c(,-«Ao</i, where and 4 are the densities of mercury at O’C. 
and t’C., i.e. H^h,. ^ ^ ' tvhere y^-coeff. of cubical 

exparuion of mercury. 

(•— yO. after applying the tempera* 
ture correction for the scale 
»«A,{I ~f-y—a)l), approximately 

(fr) 1 ta-Mffrmalsort lo Iht itoAc.^ al 4i* laltUit . — 

Tlic value of f at a place depends on the latitude of the place 
and its eln.’ation a^Kjse the sea-lcsel. If e»=accl. due to graniy at 
the place of o!»<crvation, and that at the sc-o-lcvel at '13“ l.itltude 
(^rrDflO G cms. ?cc’), and if the corrected height // measured by 
rero-drgrcc-eijJd mercury, on transrorm.-»t«on to sca*lcstl at •la 
latitude becomes H,, then 

or, =i.ii -(!•—)')’< 'I - 

la *• 



EXPANSION OF UQUIDS 


363 


Note. — y for mercury=0'000182 per 1®C., a for brass=0'001}018 
per a or g[ass=Q-000008 per I“C. 

Hence for a barometer -witli brass scale, we have as follows : 
True/iei£ftl=olsi;wi/Jiei£A/x(I—0000164-l) ’ 
and for a barometer with glass scale ; 


True height =obsened height x (1 — 0-0001 74- 1) 


Examples. — (/) The elau jea/e of a baremeler naji exaet mllimetres al O’C. The 
teighi of Hit baiemtier is nolea as 763 daishna al ITC. Fiad the Uat height ef the barometer 


Trom Art. 42. we have true height 

=7G3{l-(0-l)00180-0-<»0008)l8}=760-687 mm, 

(2) A banmeter liToviiei with o irotj «afr, teiiieh is tmta at SO’F., reads 754 mm. 
at 40’F. \ what will be the true height at SZ’F. ? (e/. Ulkal, 1951) 

The coefficient of linear expansion of brass is 0-000018 per I'C„ so the value 
for \°F,, will be (jx0'000018)=0-00wi and similarly, die coefficient of cubical 
expansion of mereu^ for I'f.—O-OOOl. 


Let ti be the lower temperature at which the haght should be corrected, 
I] the observed temperature, and /, the leropcrature at which the gtadiiationa 
are eorreet. (It should be noted that here the barometer Is eoirected at a higher 
temperature.) 


We have, 


'■ — ^i-hyrfr,-/,)) 

, ».JH-o <(40-32)-(50-32ni 

f+y,(40-32) 


7b4(H-0-00fl0l(-i0)) 
1 +10-0001 xtJ) 


=753-32 mm. 


(3) The brass scale of a basometer was arrectfy gradaaieJ al 15°C. Al what lempeTaluTO 
the observed reading will require no lemferature corrntioa ? 


Let l be the i 
(Cooff. of Ur 


required temperature, then A, = 


ftf{l+OOOOOI9« -l5)} 
(l+0'l»01Bl () 
:0-00n019). Here, wc have /!{== 


I+O-OOOiei (=1+0 000019(1-15) ; or, f=— 1-70°C. 

43. Henry Victor Rcgnanlt (1810 — 1878) : — A French scientist 
who began his life as an assistant in a pharmaceutical shop. He 
had to Vi'ork hard at the day time. Instead of taking leisure at night 
he used to devote his time to private studies on elementary Chemistry 
and Medicine. His poverty could not separate him from his studies. 
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In 1832 lie started for Parh vltere he somehovi’ got admitted to the 
Ecole rolytecimic. From this institute Ite passed out uitli distinction 
in 1835 and accepted an appointment as a Professor at I.jons 
Tltougli lie began Ins scieniilic career as an Organie Cfiemist, by 1810 
his name l>ccame tsldcly Lnoisn ns a physicist too and he s>as ofTcred 
the Professorship of Naiitrai Philosopliy at his osmi AfeJrr, the 
Ecole rolyteehiiic. Itis principal rontrihutions to science belong to 
die domain of I’hysics. 

//ls ranu iitll tndmt fut *xn for /as syslemaUe re'fit'ches on ttguids and 
gasts, <.g. on the cisotutc rxpnnston of mfrewy, denstly af uctet vapsut, ipeeifie 
/fats of /tasn, ra/iour prtssurfs, kumiditf of air and nltctty of round. 
Rejjiiault’s table of xapour pressure of *»alcr is an achicscmcnt of 
great practical importance. He designed a number of apiuimtiises 
for vari'i'is types of laboratory measurements, such .as those for the 
nlnolntc expansion of mercur), comtant pressure expansion uf air, 
sisecilic beat of gases at coiisi.aiit pressure, specific heat of solids, 
acw}>oint, ctr. vs-hieh all l»car his name and are universally used nil 
over the vsorld. 

44, Tltotnn* Charles Hope (ITGG— ICM) ‘.—K brilliant 
.i ,, .,f n'—s-.n- at the 

* • • • ' *, vsas 

. , . . . Ik 

« . - I • s and 

obt.ains a maximum value at 4’C. b a result of^ his rese.irehei anti is 
a fact of outstanding practic.al importance 


Questions 


1. Dulmruuh bci^crn real anii apparent npamioni in llic <a>c of luiuid 
nitabluh a rrl.iuorr li^lnn-n them ami ihe rxpaoiran of the malmal of a vcwl 

<U U. IKl), '30 , Ibil 11137, •28, ' 30 , -41 , tf Ml l»U , G. U 1519) 

2. tVben Iioc nalrr u ihrown on ihc bulb of a Uirrmomrier, the mercury 
column fnl falls and then n>es Why u ihu ^ 


3. The rraclinpi of two lhetn«>inesrTj roniainine difTfrerit liquids agree at the 
frmiiii' {>01111 and tioi'ing poKil tj water rrspcctivcly. but iIifTer at other |>uInU of 
the scale. What inTeroacca da >ou draw Cvqvh tba ? 


d. The coeflicieni of expansicm of mercury u i^'e bulb of a 

mrrriirlal ihcrnuimrtrr nice aint the acction of lie bore of the tube OOOI tq cm , 
find the position of mercury at 100 t , if ti just fills the bulb ai (TC. (.VeRlect the 
capansion of (lass) fC. IJ. 1910) 

[Ans. IScms. ncaily-J 

3. Describe how to measure the absolute crnaniion of a liqunl with the 
• • • - - ■ • -• . 4' - , ' at IS-C. 
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6. Describe ^^ith theoiy an axxnrate method for determining the apparent 

coefficient of cubical expansion ofa liquid. Hovf can the coeflicient of real expansion 
be obtained from it ? (Utkal, 1951) 

7. The density of mercury at 20°C. is 13‘546, and its coefficient of cubical 
expansion is 0'0n0ia2. Knd die mass of 500 ex. of mercury at 80'’C. Also find 
the volume of 5U0 gms. of mercury at this temperature. 

[dm. 6699 gms. ; S7-3 q.c.] s» 

8. The density of mercury B !3'6 gm./c-c. at 0"C. and at 100°C., it is 
13-35 gms./c.c. Calculate die coefEdent OC absolute expansion of mcrcuiy. 

(Utkal, 1949) 

[.4>ir. l-84xI0'‘i”C.] 

9. The density of water at 20'’a is 0-990 gnu/c-c. and at 40'a it is 0-992. Find 
the coefEdent of cubical expansion of water between die two temperatures. 

[.dw. 0-0003/*C.] 

10. Tivo scratelies an a glass rod 10 cms. oftart are found to increase their 
distance by 0'08 oim., when the rod is healed from 0"C- to lOO'C. How many e.c. 
of t90 rotich boiling water will a measuring flask of the same glass hold up to a scratch 
on the neck which gave correctly one litre at 0"C. ? 

[yins. 1002-4e.c.] 

11. The coefEcient of linear expansion of dass is 0xl0~* and the coefEdent 
of cubical expansion of mercury is I-Cxl0-*/*C. Wliat volume of mercury must 
be placed in a specific navity bottle in order that die volume of the bottle not occupied 
by mercury shall be the same at all temperatures ? 

[Ans. -ft of the vol. of the bottle.] 

12. The apparent expansion of a liquid when measured in a glass vessel is 
0-001029, and it is 0-001003 wlien measured in a copper vessel. If me coefficient 
of linear expansion of copper is O-OOOOICC, find that of glass. 

[^w. 0-0000079.] 

13. A weight'thcrmonieteT contains 700 gms. of mercury at lOO^C. What 
is its internal volume at that temperature? (Density of the mcrcury=«lS-6 ; 
coefficient of cxpaRsiona«0-000l82). 

lAnt. 52-4 e.c,] 

14. Calculate the cocRident of apparent expansion of mercury from the 
following data 

A mercury thctmomeier wholly ixnroeraed in bdling ivalcr reads 100®C. When 
the stem is withdrawn so that grailuaiions from 0* upwards are at an average 
temperature of 10°, the reading is ^-6°. (C. U. 1940) 

[Ans. 0-000157/“^ 

15. A wt.-lhermomelcr coutaining 100 gros. of mercury at 0°C. is surrounded 
by liquid in a hath wlicn 4 gms. of mercury How out. What is the temperature 
of the hath if tiie apparent coeOicient of eatpansion of mercury is 0-00016 ? 

(Ea-It Punjab U. 1952) 

[Ans. aai-s'c.] 

16. A glass wt.-thermoraeler has a mass of S-34 gm. when empty, and 

153-81 gm. wlion tilled with toercuiy at 0°C. If 2-08 gms. arc expelled when it is 
heated to 100°C., find the cocAdetit of rdativc escpansioti of mercury in 
glass. (R. U. 1952) 


[Am. 0-000143 per'a] 
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Th«e three variables are enmrnnntf calJetl the fact^s of stoU of a 
gas. Tliey arc founcl to he such that if any one of them is hept 
constant, the other two, when they vary, fbllfnr a cierinite l.aw, l,no\«v 
as a gas I.aw. This ghes \>s tlic iwUming three gat h:it 

(1) the relation betts-een pressure P and solitme {', s^hen 

tem[-fTalure (f) if cantlonl ; this relation is gtsen by the La-u.' ; 

(2) the relation between \oluine ttnd icmperaturc, when f-remr 
IS eonstanl ; this rel.ation is given hy tlic Chmlty Ijs.o (Art. -IG) ; 

(3) the reladon E>et\seen pressure .and temperature, when 
rolunu is eonslail ; this rclatirm it given i>y the Prtistire Iaji- 
(Art. 50). 

Tor A gtrtn matt tf a 501, aW the three vnriaWes a.s staled abovr 
.are not independent ; when any two of tUrin are gi'en, the thirsl 
becomes auiotnaticolly fised tip, as will he seen afterwards. 

The first of the above tliree relations, which the IJoylc'i Jatv 
embodie, has already been treated In full In Art. 300, Part I tt uc. 

46. Expansion of Cases nt Constant Pressure 1 — 

Charles* Law." — Tht hw sUUt that if* ^rtsnnt rrmainho ftnilantf 
the telumt of a ^irra mart of any gas iasreaset (er Jfmas/s) it lAe eertilanf 
fraelian tf itr lolsimt cl (PC. for eoth ktgrft tnettase (or 

dterttst) »J Urpetaiute. 

Tliis constant fraction is, tltcrefure. the cocflicirnt of expansion nf 
•a gas at constant pressure and may he simply callcti the ithme teeffieuxl 
of a gas and ordinarily denot^ by 'rhtts if l\ and I', lie the 
volumes of a given mass of any gas at (PC. and t"C. resjieciively iheu 
according to Charles’ law, 

r,-r.(i+v)- '•.(.+,;j-)-;;v273 H) r, ,.h„c 

T IS the alaoliite Icmper.-iturc {nde Art. 51) correspfindtng in f"f? , 
or r,» T 


Tltis gives tis another form of the Charles* lav/ which m.iy he 
staled as, "lAc rofumr of a girot mats of «rt fa*> ei cc'tifd'tl fr/inirr, 
rariVr dir/elty at sis fl^rcl^rr ttmfmaturi.'' Evidently, Ihe grapli lictwccn 
the temperature and the volume of a given mass of any gas will be 
a straight line ; such a graph has been shown in I ig 3'J- 


Worklag Formula of Charles* Law 


1 Fahrenheit Scale. — -A 


cocfTicient of expansion of a gas at constant pressure, w hicli is jy j per 
*C. becomes equal to 4x,J, or per ‘f. approiimatciy. nierrfore 

• The lw» R »1«> ififiK-limrj caUrd Ga).Luuae*« Lavr , for, Ihoupli Clarlet 
r.pund mit this rdaiiTKwhip for a gai h- ih-l no* piW.vh htv vivk In KW, 
Gsy-Luisac Troved the same Law independenity ; hr uw Cliarln* mjrLvmpti 
^tervvinij and foiiriii dial CharW bad daeiweml liv: law fJletn ytarv eailin. 
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according to the Fahrenheit scal^ our formula for the Charles’ la\v 
will be, 

l^i = n{l+TfrO-32)}. 

N.B. The value of yp is a constant. It is equal to h 4 j or 0'00366 
per “C. and is approxirnalelj ihe same for all gases. It is not different 
for different gases as in the case of solids liquids. 

Thus 1 c.c. of a gas at 0°C. becomes (I+wtt) c.c. at PC. ; 
c.c, at S^C. ; c.c. at StFC.; and'so on. 

Again, 273 c.c. of a gas at 0°C. become 273 (1 d-TJa-) c.c., i.e. 274 
c.c. at PC. ; 273(1 +^?i) c.c. Le. 373 c.c. at ICKfC. ; 273 (1+Hs) 
C.C., i.e. 383 c.c. at 1 10°C. 

47. Hie Importance of measuring the Expansion of a Gas 
with respect to its Volume atO°C. : — In determining the coefficient 
of expansion of a gas, the initial volutne'of a gas must always 
be taken at 0®C. instead of taking it at any other temperature 
which can be allowed in the case of solids anil, to some extent, of 
liquids, as the expansion of a gas for a small change of temperature 
is very large in comparison with the very small expansion of a solid 
or that of a liquid ; or, in other words, the coeflident of expansion 
of a gas is not a very mall fraction as in the case of solids or liquids. 

For the above reason we did not so much insist on specifying any 
lower temperature in the ibrmula relating to expansion of soli& 
and liquids. But, in calculating the expansion of gases, we should always 
mind th words "of its volume at 0®C.”, and we shall get wrong 
results if we take the original volume at any other temperature, say 
10®C., or 20“C., as in the case of solids and liquids. 

Suppose we have 373 cut. of a gas at 100*C., and tve want to find 
its volume at 110°C. By dirccUy applying the formula 
nto=f\«o(l+^ir)"'egct> 

^uo“373(!+4,V)=373+13-67=386-67 c.c. 

But this cannot be, for a volume of 373 c.c. at lOO'C. will become 
383 C.C. at H0°C., as seen before. This shows the importance of 
the words “of its volume at (TC.’’. 

That the above point is not so important in the case of solids will 
be shown thus : 

Suppose we have a rod of iron which is 100 cms. long at 0°C., 
then at 100°C., it will become 100(1 +0-000012 X 100) or I00'120 cms 
At IIO'C. it will become 100(1+0-000012x110) or 100 132 cms. 

Again by applying the formula directly, as in the above case, 
+0'000012x)0)=100-12(l +0-000]2>=300-1320J44. 

The difference in the two results which is 0-0000144, can easily 
be neglected for our purposes, and diis clearly shows the importance 
of always considering ffie volume at 0°C. while calculating the 
expansion of gases. 

Vol 1—24 
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40. Important Points of DilTcrrncr J— Thoiinli tlic rclAVjiin, 
I i=r^(l+y, y/) as gixcn by Cliarfo* l.w is siiniiar to that in the 
ease or tlicnnal camusiojis of solids am! liquids tlie rollouinc points 
of difference sboultt be matVccl ; — 

(j) Unlike in solids and liquids a rlianqe in prcssiirr contMerably 
affects die Volume of a pas anj s<» in flmlinp tlie volume coefficient 
of a pas, steps jnuit be taken to keep the pressure coiui.ant viliile the 
temperature is changed. 

(ii) Tlie eoeiricient of cspansinii Icir pasrs fyfy) is quite J.irpe 
compared to those for solids and liquids 

(m) Tlie value of the crwlTicient of expansion for gases is n 
rcmleiif and is approximately die same fiir .all pases ami not ilifTerent 
for different gases. For solids .ami liquids, jt is different for different 
substances and for Uic*same substance the value clianceSt in m.any 
ca^ inegularly, at different p.aris of the icnipei.aturc sr.air. 

(fr) Tlie volume O'C. ami not at any original temperature 
(winch Is permissifife in the case of solids roucldy also in tlie c&se 
of liquids) IS to be taken for paacs in applying the haw of tliermal 
xp.ansion 

49. Determioatioa of (he Ceeincient of Expansion of a 
Gas at Coastaat Pressure 

{ (1) Constant Pressure AlrThermometer Method.— Taken 
lieoe uf c.apillary glus tube T of umfortn bore end alxjut 50 ans. 
ong (Fig. Pass a ttre.ani of Iwt air ibroiigli the tube for lomc 
time, and when the tube Iws been dned, seal olf one end of it liy a 
blowpipe llamc. The lube »s then gcnllv heated vinh tiie open end 
dipped in mercury. On allowiiu; iltc tulic to cool, the .iir rontr.icis 
and a small pellet m of mercury n driven tniidc and dm serves as an 
index. The tube T is now held horuomally in a wide glaw tulic 
C which IS stoppered .at both the ends Tiie tube (> nets as a bath 
and IS provided with 
iiilct tube A and 
outlet tnlic n. A 
ilienrometer P, also 
introduced horizon- 
tally. gives die 
temperature within 
die Itith O. l'a« 
ice-cold water llirotigh the jacket C till die thennometcr P iiidlcairs 
a constant temperature O'C ami the pellet m assumes a stc.vdy 
position. After wailing for somettme, roea-Surc die distance of the 


consunt, as shown by a steady posdion ol the pellet. 'Ihe disic.ncc 
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of the lower end of the pellet is isgain noted. Let the temperature 
now indicated by the thermometer P be <®C. As the open end of the 
air thermometer is exposed to the atmosphere all throughout, the 
pressure of the enclosed air is constant and equal to that of the 
atmosphere. 

As the tube is of uniform bore, the volume if the enclosed air is proportional 
to the length of the enclosed column, let o be tlie area of cross-section 
of the bore, and i, and I be the lei^ths occupied by the air column 
at 0°C., and l°C. respectively ; So Iga is the volume of air at 0°C., and 
la the volume at PC., neglecting the expansion of glass, whieli is small 
compared to that of air. 

The volume coefEcient, ^ _3 ^ ... ... 

The air in the tube can be replaced by any other gas, and it will 
be found thai the value of yp «'« ^ same, viz. 

approximately. 

(2) Regnault’s Method. — Regnault’s apparatus is also an air 
thermometer. In it the air 5s enclosed in the bulb A (Fig. 30) fo one 
limb of a U-tubc and kept dry by strong 
sulphuric acid poured through the other 
limb B. The limb having the air bulb A 
is graduated and directly gives the volume 
of tlic enclosed air. The limb B is open 
to the atmosphere. The U-tube Jias a sliort 
cross-tube attached to its bend and this 
serves as an outlet. This outlet tube is 
provided with a stop-cock S by opening 
which any excess acid in the U-tube can 
be dropped out. The U-tube is placed in 
water contained in an outer jacket and the 
quantity of water is so taken that the air 
bulb is completely immersed in it 'but the 
open limb B projects out. This outer jacket 
is a thick glass cylinder whose bottom is 
closed by means of a stout rubber cork. A 
copper pipe enters through the cork into 
the water in the jacket and leaves the 
%vater bath again through the rubber cork. 

When steam is passed through this pipe, 
the water around gets heated. By r^ulating 
the supply of steam the temperature of 
the water bath can be kept constant at a desired value. For uniformity 
of temperature throughout the water, the latter may be stirred by 
means of a stirrer (not shown in the figure). A thermometer T is 
suspended in the water and records the temperature of the bath. 
When it is steady, it is also the tenqieraturc of the air enclosed in the 
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bulb /!. Before taking readlnc^. suffinrnt lime should l)c Ruen «o 
the enclosed gas to attain ibe temperatuie of the vatcr. Now 
sulpliuric add U poured into B or rtin out by opening the itop-coek 
S until its lescls nre the same in both the !iml>s. Tlie nir in A is then 
at atmospheric pressure anil its temperature is noted nnil the suluiiie 
is read from the gradu.iuons. Steam is passed through the copj^r 
pipe and the ss-atcr is kept constantly stirred. Tlic tempcraiure-risc 
causes the nir in the bulb to exp-and and furre down the liquid Ssliirlt 
rises in the oilier limb. Tlic temperature is kept coniiaiit for tome 
time by regulating tlic steam, during ttliich the Icsels of the acid nre 
adjusted to be the s.amc in ImmIi the limbs either by dropping out 
some acid by opening the ttop-cock or adding more acid into h, as 
required ; Nolumc and temperature are read as before. The healing 
li continued and readings are taken at v.irioui higher temperatures 
until the water bods. 

If r,. I’l and i'l be the xoltime of the air respectively at O'C., 


-in -Jx 


TtMltltATUSE 


K..? 31 


L* I anct <j 

sve have, +yf^i)> and 

wlience can be known as I',, 
Tf. f, and t, are known 

Determination of from 
‘ grapb and the s’eriflcatlon of 
Charles’ Law. — If the trfnpernliire 
IS plutied on the x^axii and the 
volume on the y.t.xis, .•« straight line graph is obtained fFig 31) 
iiiJicaimg that the expansion of a gas « undbrm, or the nrcssiirc of a 
gas remaining eonst.ani, the volume increases liireclfy with the 
temperature t)ii producing the graph Ixickwards it wjl cut the 
T-axi5 .at .nlvoiit — 273®C. vvliich means tliat the volume of the air 
(lheor«lic.all>l becomes zero at —’IITC. The vrhimcs of air I', 
•at O'C, anil I', .at .any ruiivcnicnt temperature t can be rc.nl from 
tlic graph from which y_ nwy be calculated from die relation 
-v) 

Tlie result olitiineil for »for air w aliout 0W1307 per '<7, i e. 
approximately 1/273 per °C Tliis venfies Cli.irles* law. 


50. Increase of pressure of a gas at Constant Volume : — 
The Pressure Law.— The relation lietween f^msurf and Ui^fnetun 
of a gas at constant volume ii called tlic pressure law or tatsia'i 
rvlur’f fca\ 


Tlic law stales thai volume remainir^ consc.vnt, the pressure nf a 
gas increases (or decreases) by a constant fraction (rjy) of its 
pressure at O’C. fur cacli degiec cenUgrade increase (or decrease) of 
temperature. 
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This constant fraction is called the pressure coefficient (y^.) of 
a gas and is evidently, equal to the 
volume coefficient of the gas {vide 
also Art. 51). Mathematically, if Pt 
and Pfj are the pressures of a gas at 
t°C. and 0°C. respectively, then at 
constant volume, 

w or, Pa T, where ?'=absoIutc 

273 

temperature corresponding to fC. 

The graphical relation between the 
pressure and temperature of a gas 
wEl, therefore, be a straight Bnc as 
shown in Fig. 33. 

N.B. — ^The Pressure Law is also 
ofren referred to as Charles' law, for, 
as is evident from above, the pressure 
of a gas varies with temperaturo 
at constant volume according to the 
same law as the volume varies with 
temperature at constant pressure. 

5l}(aj. Determiaatioa of the Pressure Cofficient of a Gas 

By Joly’s Apparatus. — ^The relation between pressure and 
temperature of a gas at constant volume can be studied by Joly’s 
apparatus (Fig. 32), which almost resembles the Boyle’s Law Tube 
{idda Art. 311, Part I) with the addition of a glass bulb B provided 
with a Slop-cock in place of the stra^ht closed tube. The bulb B 
and the connecting tube up to die surface of mercury in the tube 
C contain dry air. 

Expt.— Open the stop-cock and raise or lower the open tube R till 
the mercury in the tube C reaches some point X> marked on the stem, 
the point being selected as near the top of the tube C as possible. 
Now close the stop-cock. At this stage tlie pressure of the air above 
the mercury in both tlic tubes is atmospheric, which, suppose, is H 
cms. of mercury. Next take a bath of water, say a large brass or 
copper basin provided with a stiircr containing water placed on an 
adjustable vertical stand, which may be healed from below by means 
of a burner. Gradually adjust the height of the bath until the -whole 
of ilie bulb B is completely immersed in llic water. A thermoraclcr 
vertically inserted in the bath gives the temperature. Heat the bath 
and regulate the temperature at some constant value, say l2^C., by 
applying the burner or withdrawuig it for some time as required. For 
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unironnity of temperature, tlie vatrraliotild lie siirrcd \»cll. IJue to 
tctnpcrature-ri« the air la the bulb wtll expand ami furcc tlmm the 
mercur)- in the luljc C. Raite tlic iuIjc R liU the mercury liead touches 
the fixed mark D atjnlii in the odier twbe. Ln the clifTcrcnce in letds 
of die mercury in the tubes C and R be Then the preatnre /*, of 
the air, now at temperature I, is (if+A,) cmt. of incrcur)-. Smiilarlv, 
change tJie temperature to t^C. and note tlie dincrrrcc in letcU A, 
now, wlien tVic preisnre P, will be {//+A,) cm*, of meroiry. Mark 
ili.at the volume of the air cncloscil in the bulb ii up to the fixed 
mark 1) is kept constant in this experiment neglecting the expansion 
of the glass bulb 23 ; for, at each obscrraiion, the level of itierciir>‘ 
is brought Ijark to the same fixed mark l> by acljiiiung iJic Jimh li 
of tlie tube, if 2, lie the pressure at O'C., wc know from Charles’ Jaw, 
/•,*.P,(l-i.y^,),and/*,«P,(H.y./,) (2) 

n.atis A „»+y.t, _//+*, 

ibatis,^^ 14-y.r, //+*,' 

As <|, tf, Ai and arc all knoun an<l // may !« iletrrmired by 
nieaits of a L-vrouicter, y,. the (irc-ssute coedicieiu c.iix lie determined, 
'Ihe a!r in the connecting lulie attached to tlic bulb IS is not at the 
same lenipetaturc as tiiat of 21, when the temper.vture of the Imlb ts 
raised. *1 hiS in.ty be otlleJ the error due to n/o/of toli/mn for tvhtch 
a correction is reeded. Strictly spc.xkuiK, the air a iiut heated all 
.'tlong under ciuiicitit volume .vs the bulb rspands, hotiever small 
the expansion may be, with the temperature of the bath. 

Determination of y, from graph and the verification of the 
Law of Pressures.— If the Irnipcraiure it increated gr.vihi illv in 
Steps keeping the vohunc eonsiant and the eorresporithtig pressures 
' are determined a graph may be plotted wiiii ternper.vtures on the 
r-.-v.xis and pressures on the ^axu. On dr.vvs ini.' tlie gr ipb on .1 
stn.vllcr fc.vic .and producing it Uvekwards, it will be .v j/r«i;A/ Sine 
(lig. 331 ciilting llie x-.vxit .vt 
about -273'C ; ib.vt K at rcro 
pressure the temperJtutc is 
theoretically — 27PC. 

Tlte straight line inibc.vtrt 
that the prewure increases uni- 
funniy viilh tiic tempenmire when 
the volume of the g.j remains 
constant. 


rtM'lIATWM 

lig- 3J 

Rc.vding 

coiivcniiiet temperature ,, 

experiment, vv.vtcr at the icmperatiire cl the labor.iiory 
inslend of ice-cold water. 

'Jbe rcsijli obtained for y, for air i* aliout CtOOiOl |<r < 
per ‘‘C. approximately, and tlie s-irnc value is also obuincd 
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gases which obey Boyle’s law. This verifies the Law of Pressures, 
which is another form of the Charles’ law. 


51. Relation between and y, : — For any gas obeying the 
law of Boyle and Charles, it may be shown that yp— If the 
temperature of any mass of the gas be increased from 0® to while 

the pressure remains constant, we have, Vt=Va{\+Yp^) (0- 

Now increasing the pressure fi^om to Pt tvhilc the temperature 
remains at t®, until the vohune is Vg, we have, by Boyle’s law, 
PgVt=-PtVa . . . . {2). From (1) and (2), P„{H-ypO • • • • (3). 
If, however, the temperature cX the gas had been increased from 0° 
to 1° while the volume remained constant, thcnP(=p9(I4-ye0 •••• W- 

Hence from (3) and (4), we have, yy=yM or the volume coeficunt 
of a gas h equal io ils pressure coeffietenl. 

52. Joseph Louis Gay-Lussac (1778 — 1850) : — He svas bom 
at Limousin in Trance. During the French Revolution his father, a 
Judge, was imprisoned and so Joseph’s schooling began late. He 
passed from the Paris Polytechnic and developed a great passion for 
Chemistry. He began lesearches under BCTihelot and here he 
discovered in 1802 the law of thermal expansion of gases independently 
though he did not know then tliat Charles had found the same fifteen 
years earlier. Tlte theory of variation of temperature with altitude 
is due to him, and he personally climbed hciglits as great as 23,000 ft. 
in order to study the variation of magnetic field and temperature. 
In 1809 he became Professor of Chemistry at the Paris Polytcclinic. 
He discovered Iodine, Cyanogen, and Prussic acid. 

53. The Gas Thermometer t — Like liquids, gases also can oe 
used as thennometric substances. In practice the gases, such as air, 
hydrogen, nitrogen, helium, etc. ».<. tlie gases which Ixhave nearly 
as perfect gases {vide Art. 64) arc used as dtcrmnmctric substances 
and the thermometer (either constant pressure or constant volume) 
is named according to the gas used, e.g. the air thermometer, the 
hydrogen thermometer, etc. The reason for using only one or the 
otlier type of these gases, only is that these gases obey Charles’ law 
or the law of pressures quite accurately over a wide range of tempera- 
tures while other gases do not. 

(1) Methods of Measurement of Temperature by a Gas 
Thermometer. — To find the tempouture of a given bath witli a 
constant volume gas thermometer, find Pg, the pressure of the enclosed 
gas at 0°C. and P,, the pressure at the unknown temperature t of the 
bath. Then, %vc have. 


Pt-~Pa 

The volume of can 
in Fig, 33. 


also he detenmned from the gi 


iph 


shown 
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{II) Graphical Method.— >Piot luw points corrcsponcllnsj to /*, 
and at 0 C. and 100 C. respectively and Join then by a stniglit 
line as in Tig, 33. Xow find the pre^ure I'l, of the B.ime vohirne of 
tlte enclosed gas, corresponding to lltc unknown tcnipcratiirc 1 of the 
bath, .and from the graph rc.ad tlic v.aluc of I corresponding tt> Pj 

A constant pressure g.at iliennomeier can also be used in cither of 
the tv.o »va)-s described abuse for ilic mc.tsurcment of an unknown 
tcirperaiure. The only difTcrence in ns c.ase will be to find V, and 
Vo in method (I) instead of 1% and , .ind /«, I'laa and Vt in metliod 
(II) instead of I\, J\oa •‘"'i 

Standard ThCTinotneter. — Tivough both t!se constant ptessute 
and llic constant volume gas tliennoiticters arc equally accurate for 
measiirctneiit of ternperatiirc. Me contlant lelume tydragin Iheimomi'.cr 
has been internationally accepted as a standard thnmomder. Other 
thermometers, such .os the dillcrent tvpcs of liquld*iti-glas$ ihermo- 
meien, the eleetricnl tliermometcrs like the resistance or thermo* 
couple lliermomelcrs, the radi.aiion ihcmsomrtcrs, etc. siioiild be 
standardised by conip'itison \s\vU such a thcrrswnicicr. A cas thermo* 
meter, after eorrcctiotis are applied for the dcvisuons of tlic g.ss from 
perfect gas conditions (nlncli are knovrn ntH'*a-dnys for all thermo* 
metric gases), fumishcs a sc.alc of tcmpcr.atures which has been shown 
by Kelvin to be perfect friHii the dic<jrctic;d standpoint. This is llte 
reason, besides (he numerous pr.sciical udv.int.\ges listed below, nhy a 
gas thermometer is preferred to all other tliermometcrs in all 
standard measurements 

Advantages and Disadvantages of a Gas Thcrmometefi— 

(a) Advantages. — A g.is is light and can be obt.-iincd in pure 
condition. It tem.aiiu gaseous .nnd tlicrefnre c.m be used as .t ilicrm'v 
metric substance for a miirli S'ldcr rani^ cf temperatures than is 
possible in the case of other lyjiea of tlicrii»miclcrs By using helium 
gas a temperature up to verv near the absolute rero (Art. 5-1) can 
be deicnnined The mavinnun lempcrature for which a gas thenntv 
meter can be used is determined bv Uic icniperaturc at ishich the bulb 
of the thcmiomclcr fiaes and the pcrmc.sbility of the bulb to the pu 
used. A hydrogen dimiuwncier may be used from — 200’C. to 500 C. 
above which liy d ry * ii cannot be used as it atmcLs the materials of 
the containing iRlass or porcelain;, l or temperatures aliote 

50O’C. h\droi;/''tr»fv*pl.sccil by nitrogen, and for low icnipcralufW 
below —200 .ni replaces liydro-gcn A phslinuin-rhodum bulb 

using nitrocr seen used up to 1000 C. llie rate of expansion of 

a gat is fm and regular over the whole range cf the scale. 

A gas is very sensitive ton, fijr the ihcrm.il CKp-insion 

of gases/"*’**^/’ ** ^agc. ror the same rrason the expansion of the 
cnyclop;^‘^“‘‘^ docs not affect the olwrvaiions seriously as ia 

, * iu«l>' 
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by different gases are idendcal. So all gas tbennometers read alike 
at all parts of tke scale. 

(fa) Disadvantages. — A gas thermometer cannot be used for 
clinical or calorimetric purposes, for it is not a direct-reading 
thennometcr. Moreover, beii^ unwieldy in size it is inconvenient 
for domestic use. In case of a constant volume gas thermometer a 
barometer is needed for the knowledge of the pressure of the gas. 
i^ain, no permanent scale can be &ed with a gas thermometer, 
since the atmospheric pressure changes. 

Examples. (/) Find the tmpttatm tf tht boding poml of a salt solution from the 
following readings obiaind with a eautant pressare air thermomeifr. Position of mercury at 
ot 0^C-=7'2t and at IS'S l Posiiion ttsben the thermometer is in boiling 

sotution=’l?'3. 

Let l'j=volurne of air at the unknotvn t«mp«t^turc I’C., then 'y . 


-V-'- 


(2) Thi pressure rf air in lie bali of a umtant volume ait thermtimiltr Ir 7-3 ems. of 
mercury at O'C., lOO'Sems. al lOO'C., ?7-S<ms. at room temperature. Calculate the UmpercMe 
of tke room. 


53(A). Constant Volume Hydrogen Thermometer J — A 
constant volume hydrogen ihcrmometer, originally devised by Harkar 
and Chappius, consists of two distinct parts, a bulb A (Fig. 33A) 
containing hydrogen gas and a manometer fiiCFGj which measures 
the pressure of the gas at any unknown temperature and the gas 
bulb A (to be immersed in uie bath whose temperature is to be 
measured), made of an alloy of platinum and iridium, one metre 
long having a capacity of 1 litre. The gas bulb A is connected to the 
manometer tube FG^ just below a steel partition by a capiUary 
platinum tube B (1 metre long). The lorvcr surface of the partition 
is provided -with a platinum pointer the tip oftvhich the mercury 

level in the lower compartment of is to be raised in order to 
maintain the constancy of volume of ^e gas in the bulb A. The 
upper compartment of FGi is directly connected to the other 
manomctric tube GQ. through a narrow cross-tube L. The lower 
mercury column is communicated to the same tube GQ, through M. 
The end of tlie inverted manometer tube /Q. (otherwise referred to as 
the barometer) dips in mercury in G. The barometer tube is so bent 
at Q,that the mercury column I and that in FGj lie in the same vertical 
line. This enables one to read die Icvds of the mercury top in these 
tubes and hence the gas pressure wifli the same vertical setting of a 
cathetometer. The mercury in the manometer tubes communicates 
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lo 7ero. Tins tcinppraliire « llip lomnt pawiblc tfmpcratiirc on 
the pa.< scale and tliL^ temperatun: (— 273'f) u 273’C. Iov>cr 
than OX’. 


«HT»- r*itH- 


0 0 0 


ri 


II 


0 


Fit; S4 -MiK>tu(e Seale 


The stall cf Unpcralint in Kh'tth 
ttmptratates are meojored from — 27JX* 
as irto dij’fee and irs ichirn other (Iioijtcns 
ati mrabered tSattinz from this Urnftralar* 
is known as tite Absolute Scale or the 
KcKin Scale (nVe I'jg. 31). It is So 
named, because the zero of ihii scale is 
really or airsoluicly the lovsest tempera, 
lure necan a lentperaiure 

lower titan this ts impossible. 

Tlie zeroes of other scales a« only 
atbilrary, for temperatures below O'C., 
0’/*, or O’/t., exist aclnally. In tlit 
absolute or Kcliin sc-tle e.tch degree 
aboie lu eeto is equal to a degree 
Centigrade or a degree rahrenhciit or .i 
degree Ke.tiimur nceordinc as the scalp 
desired is a Oniigrade, a i'alircalieit, or 
a Hc.tuiiiur aLsulute scale. 

N.B. Tlte above result namely that 
the tolumc as well os the pressure of 
g.ts rcduco to zero at — 273X , is only 


ssible. as all know n gases hquefy and then 
become solid before this temperature is reaelietl llic result H true 
for a perfect gas (Art Ul; only. As a matter of fact, air starts liquefy- 
ing at about — lU-J'C hydrogen g.y» uniformly tontr.aris in \nliimc up 
to ^209 C Hy (he c\apvraliu>i of liquid lielium ft tciiijiCr.Tluie nt low 
as — 272'C luw been reached, but the atsoiuu tno has rj-.rr jtt tern 
recchrd At the absolute zero temperature, according to the kinetic 
theory (Art <t0), all molecular motion must cease. 


(b) Absolute Scale Value ea the Fahreahclt System.— 
Rcinefnlier th.H wc have so long comidcred the Crntigradc scale 
according to which .nfjsoJute zcro=— 273*^ But if the temperature 
IS rncasuted osi Uic rabrenheit system, the alisolulc rero liecotnes 
equ-vl to 491 4 Fahrenheit degrees below the freezing point (32’/*.), 
because 273’ on tlie Centigrade scaIc^273x|=.= iyl-4 on the 
Fahrenheit scale. 


So alisolutc zero=-32— 491*4! •159 4’/'. It it usu.il in Engineer- 

ing praciicc If) t.vLc tins value as — dW/*. (approxim.itcly). 

Relations between Absolute Scale Value* and otbrr Scale 
Values. 
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Centigrade System. — Absolute value=Ccntigradc Scale value 
+273. 

Fahrenheit System. — Absolute va!uc=Fahrenheit Scale value 
+460. 

Reaumur System. — Absolute va(ue=Reaumur Scale value 
+218-4. 

55. Charles’ Law in terms of Absolute Temperature : — 

(s) According to Charles’ law. 

wc get, 1 + ~ ~ when pressure is constant; similarly, 

V'=Vq(^ 1+ -Jj- when pressure is constant ; here i and i' are ill 

centigrade temperatures. 

V 273-1-t T 

y;-= 2^3 !{.; ' ■ ■ “y* > 'where Tand T' denote the absolute tempera- 
tures corresponding to the Centigrade temperatures I and t'. 

V V 

Hence =a eotulant, when P it conslanl. 

Or, Fee r, when P Is constant. 

In other words, the volume of a given mass ef any gas is directly 
proportional to the absolute temperature when the pressure remains constant. 

P T 

{») Similarly, from the Law of Pres-sures, we get, ^ , when 

F is constant ; 

p 

or, ^ constant, when V is constant. 

Or, P X T, when V is constant. 

In other words, the pressure of a gwea mass of any gas is directly 
proportional la the absolute temperature adten the volume remains corutant. 

56. Meaning of N.T.F. 1 — This expression stands lor 'normal 
temperature and pressure'. 

[a) Normal Temperature. — It is the temperature of melting ice 
when the pressure is one atmosphere. In the centigrade scale it is 
O'C., or 273°.i. In the Fahnaihmt scale it is 32°F., or 4S2°.4. 

{b) Normal Pressure. — ^It is die presure exerted at the base by 
a vertical column of zero-degtec-cold pure mercury, 76 cms. in height 
placed on the sea-level at 45® latitude. At the above conditions, 
density of mercury = 1 3-596 gms./c.c., and acceleration ^ue to gravity, 
5=980-6 cms. /sec.* 
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{Hi) Va\ue of ilie fjas ronnani K for 1 pm. of air. — 0« litre «/ 
tfjV uei^hs 1‘293 jtn. at .WT.P. Find the rul-je aj K considenn^ 1 gn. 


Tlic volume of 1-293 gm. of air at N.T.P.=»1000 c.e. 

1000 

• • •• *. • sni- .. » ». = J.293 c.c. 

The normal pressure of theaw»osphcre=l’0l3xI0* dynes per s^. o 

\Vcha%e,Pr-P,r,=/i'r. «a:x273. 

So, A‘»2 87 X 10* ergsr’tT. for | gm, of air 


59. Chant'e of DrnaSty of a Cas It it often uteful to know 
the clian^cs of desnlty instead of the c(tar>c;es of volume If I), D’ 
represent the oricir.af and final densities of a mass Af of gas, and 
J’, I" be the correapondins xoliimes, liter, 

.\f=rxZl-.l'’xZ)' .or. I'-Af/P.and y'=.MlD‘. 

*, Pr PT' . PA/ P'A/ 

So, the equation, j, —j.- . Iieoomes ^ j. , 


P 

DT 

P 

D ' 


P' 

“^'T' “ * constant 

^.-islwnT-T' 


<1) 


Hence, fhi drrutiy «/ c gaj at eoniUmt temfeTetiitt teriei dirnllj as 
the p’lsrvte. 

Again, from (I), DT=D'T'. *»Iicn P^P'. 

lirnee, tlie densil}- of a at a constant pressure varies 
inversely as the absolute temperature. 

60, The Kinetic Theory of Gases : — Tlic Simple gas lawa, 
namely Buvlc's Laiv, Cliailcs’ Law. Avojjadrci’a law", etc .ire fjctierally 
obeyed by all gases. So it is rcasonaWe to luppn'c tliai they ali 
poitess a rsnffiao and simple structure. During Jus tniestigations on 
the stnirtiire nf g.ises, Bemonlli, aisnminga simple common siniciurr 
of die molecules for .lU gases, fust suggeit^ that the prrsjure of .v gas 
could be ecpiamed, if the moleculea were endowed with considerable 
velocity. Starting from this Linctic concept, he actually deduced 
Boyle's law but his theory did not dcvelon fiirlhcr tmiil Jnule r.irrietl 
out m 1&18 his famous caperinicm on tlic erjuKaJence of irrckeriral 
tferk and k/al. However, the credit of giving the Kinetic concept 
a concrete form lies with Ciausius viito formulated in I8 j 7 the 
following basic postulates fur the Kinetic Uieory nf gawu 

•Avoe»cl»«’s !.•»». — ErjuSt volmna rf ga.*<-» urvl,^ «hr um» erjOituinnj 
of firesnirv asil leiaperaiure eonwin the ume numUr cf mol-cul-m. 
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(1) "The molecules of a gioen motto-atomie gas are identical solid spheres 
which move in straight lines until th^ colHde wUk one another or with the walls 
of the containing vessel. 

(2) The time occapied in collision is negligible ; the collision is perfectly 
elastic and there are no forces of attraction or repulsion between the molecules 
themseloes. 

(3) The molecules art negli^ble in si^ compared with the size of the 
container.” 

Clausius introduced also the idea of the mean free path of a gas 
molecule ; this is a very important coocept in the study of molecular 
motion in a given boundary — "The mean free path is defined as the 
averge distance Iranersed by a molecule between two successive collisions.” 

61. Interpretation of Varioas Physical Quantities relating 
to a Gas by the Kinedc Theory : — 

(1) Temperature. — mass of gas means a vast assemblage of 
moleculK in a given boundary, the container. The molecules are 
never at rest but are at random motion with very high velocities 
directed in the most haphazard manner. As a matter of fact, all 
manners of velocities arc probable [vide Brownian Motion, Art. 62(2J]. 
The energy possessed by the molecules is all Kinetic and arises by 
virtue of their being in continuous motion (the molecules have no 
potential energy, since tli^ neither attract nor repel each other). The 
Kinetic energy manifests itself as the temperature of the gas. This is what 
is called the Kinetic intcrprciaiion of temperature, When tlie 
motion becomes more rapid, the temperature increases and vice versa. 
Consistently the temperature will Ihll to nothing, when all molccul&r 
motion ceases. This temperalure will, therefore, be ffts absolute zero 
temperature and no temperature can be lower than this and this is a 
direct deduction from the Kinetic theory of gasa. 

(2) Pressure.— Tlic molecules, in course of their motion, make 
collisions against each other as also against the walls of the container 
from which they rebound back into the interior of the gas, without 
loss of energy, exerting a force on the walls. Blows or hits incessantly 
given to the walls constitute a continuous force tending to push out 
the walls just as the water partidcs rushing out from a hose tend to 
push off an obstacle against which they strike. The force and so the 
pressure (which is force per unit area) is uniform and steady for the 
hits are incessant and are directed against the walls of tiic container 
equally in all directions in all probability. 

(3) Root Mean Square Velocity {R.M.S. Velocity) of a 
Gas. — The pressure of a gas can be deduced matlicmatically by the 
application of Newton’s second law of motion. For, when a molecule 
proceeding with a certain velodly hits a wall of the container, it 
rebotinds, and therefore undeigocs a diangc of momentum witiiout 

Vol. 1—25 
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low of enprs>', since aecordini; lr> the Kinetic lhcor>- the colhtion is 
perfectly cl.isnr Tlie rate of rhaits^e of momentum is proportional it» 
the force ecenetl on the t\al) Proceeding in thii way, an cepre^uon 
for the prrwiirc can i>e dcthicccl. For A iiiouontoinic R.as tliU relation 
H given Ijy pr-- ulierc p «i»rcvsurr, r=-M>Iume of the 
ga-s, M inaw ol the («) of a moleciiley.niimber (n) of 

molecules present in the Noliime and C*-=the mean value of the 
squares of the velocities of tlic inilividuai inoicctiles of the gas at any 
instant at the given temperature 'flic quantity C i» called the roaC 
mfitn iqiiarr itlnnlj for a giU. It is proportional t£> the Square n«t 
of the aljvviutc temp of ilie gas, f>r 


A' and M hcing constants for a given qitantity of the gas. 

Aga.npr-im n J Jm. n C’=i x A'./:. 

Tliat 11, fTTtsri'i of a mnn'tatanuc gns u nummralljf fpial to | ej iht 
J\,K. r/ tfit wlfTvlfs per unit tafnmf »f thr gtu. 


(4) Dictributioa «f Molecules. —Tlie mclectiln of a gn ore 
all alike For n monoatumic gas. eaelt mnleeule is a perfectly elastic 
spliere having .s fised inas> Its volume, hovicser, is su small tint it 
is treated as a mere m/tfr-pomr Tliat is, it has a mas .ss well oS n 

E sitifia (wliidi v.uio from invi.vnt to mstani] but no dimcnsiotu. 

en a small ponuiti of a gas coniaint an iDcurccivably large nimilier 
of molecules wlucli i» of the order of 27 v 10* • molecules per c c • 
Coiuidenng the l.srge tmmlier of molecules in a snuall space and the 
enormous vcloviiy eai.b molecule possesses and abo the fact ih.si the 
time taken during coCIivnui is negligibly irruall, the dutrihution of 
molecules in the viiliiiiie is, in .all prulMbility. umrunti in spite of the 
fact that In collision tlie dtrections of motusn of the molecules arc 
changing everv inoiticnt, for sticli changes of direction of notion smII 
oeetir in all directions and quite a Urge number of times at each 
instant. 

E2. E*!deTice^‘'€ir MoTcrwUr Mistion 


(1) Difrusioo, -The phenomenon of diffusion (rt/c Art 221, Part 
Ij pros lilts an cvid-ncc in siimtort of the molecular motion iii fluids If 
n j.tr, coiitainliig a light g.is lilc hydrogen, is inverted over another 
containing, say, c.arlxjnaito'iide, a Jie.svlcr g.is, .a unifiirm tnistiirc ii 
firmed after a while Tliis liappcni in spue of gnivliy under which 
the heavier gas sliiuld remain ili the lower jar and the lighter one in 
the upper jar A stmilar case happctis vliett a strong potnh 
permangan.vic solution it Lept at tlie IsolUim of a cylinder and viatcr 

•Thr numtirr of nw'fcotr, cuiiljinrd >n S jt.s-n'wroV-sa 
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is slowly and carefully added &t>m above without causing any 
agitation. The coloured paroanganate solution gradually works up 
and spreads throughout the whole mass. 

Such process of seltmixing of one fluid into another, sotnetimes 
even in opposition to gravity, known as diffasion, arc possible only 
because the molecules of any fluid arc in perpetual motion in all 
possible manners and this concept of molecular motion is the basis 
of tlie Kinetic theory. 

(2) Brownian Motion. — A direct evidence, based on Bisual 
experience, first experimentally demonstrated by Dr. Brown, has 
established beyond all doubts, the reality of molecular motion in fluids. 

In 1827 Robert Brown, an English Botanist, while observing 
suspensions of powdered gambt^c in warer (which are inanimate 
particles) under a highly powerful microscope found the particles 
moving about in the wildest fashion. Each particle, vieweci under 
the microscope, appears like a tiny star of light in rapid and incessant 
motion in the most haphazard fashion. Each particle rises, sinks and 
rises again, or moves to a side this way or that way and so on. The 
motions are spontaneous and incessant. The motions arc more 
vigorous in a less sticky liquid or when tlic temperature is increased. 
They are just perceptible in glycerine while most quick in gases. 
Such chaotic molecular motion in a fluid is called Brownian motion. 



At N. T. V. 

Avogadro 
number fA) 

Oas j 

Density 

(gms./c.c.) 

R.hf.S. velocity 
(cins.7sec.) 

Hydrogen I 

Oxygen 1 

Air " 1 

Carbon-dioxide | 

8-9xl0*» 

' MSxJO-* 

12-5x10-* 1 

la-OxlO-* 

lO-SxlO-* 

18-38x10' 

4-61 X 10' 
4-93x10' 
4-85x10* 
3-93x10* 

6'DS2xlO’5 


63. Esplanation from the Kinetic Theory : — 

Boyle’s Law. — If a gas is compressed at constant temperature to 
half its original volume, the number of molecules per cubic centimetre 
is doubled, i.e. the density of the gM is. doubled, and so the number of 
molecules striking against a wall per unit area per second, i.e. the rale 
-of striking against the wall per unit area is doubled. So though the 
K.E. per molecule remains constant (the temperature remaining the 
same) still the pressure is doubled due to the rate of striking being- 
doubled. Thus the product of pressure and volume remains constant 
at constant temperature. This is Boyle’s law. 
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IVTXMIEDIAT* I'llttlCS 


Pressare>TcmperatTir« Law.— ^Wlien a Ra* w heated al cotuuni 
volume, the }>cat energy given incrraics the K.E. of the moleculw 
vhlth is, at all sucta of heating, proportional to die absolute 
temperature T according lo the Ktnetic tlicory. 

Now (prcaurexvolumc) fK-C. 

« T. 

At constant wlume, pressure Pt T. 

Quwge or State.— During the tfiMgt of Hilt of a lubsiancc fiotn 
the solid to the liquid or from the liquid to the gaseous stale, 
the temperature does not rue. How to account for the latent heat 
then ? Tlte heat supplied in tlic form of latent heat is utilised in 
further separating the molecules from wie anotiicr against their furccs 
of attracuon without increasing their velocity. 

64. ^Vliac la a Ferfeet Cas ? Is there nny Cas which {s 
Perfeet ? 

A gas is said to be perfect or ideal, if ilie auumptlons of the 
Kinetic theory of gases (aie Art. 60) strictly apply to its e.nse. Tlds 
is the same thing as to say tliat such a gas should strictly obey the 
equation of state, PVasftT, for this equation c.an be deducetl untW 
those assumptions. The equation combines m itself the JJofU'i Uw, 
Charlts' liw and the Pmsur* hw. A g.\s Mhieh sirieily obeys tl>e 
ntwve laws, iherefore, can be called a perfect gas. Such n gas should 
also follow Jetilt't Uw* which is only a consequence of the Kinetic 
theory of gases. Such a gas cannot have any vueosuy and should 
remain gaseous down to the absolme zero. 

As a matter of fact, no real gas exists which strictly can be called 
a perfect gas Some of the gases like hytirogen, oxygen, nitrogen, .sir, 
etc. nhicli were formerly described by Fisraday as prrmnunt fattJ, 
have been found to obey the above gas laws approximatety under 
definite conditions only. For instance, under irodenvte pressures and 
at icmpcraiurcs which arc nor low, they conform to Bo>lc’s law and 
under those limited conditions they may be regarded as perfect gnws 
and not under other conditions. For ordinary purposes, buwerer, 
these gases arc alwaya referred to as perfeet gases 

65. Isothermal sad Adiabatic Chaages ; — 

Isothermal Changes. — Physical changes, »./ changes m pressuie, 

volume, etc. brought about in a substance at coniiant temperature, 
arc called uethemal (Aangtt. Thus thech.anges in pressure and volume 
of a gas in a Doyle's law ’ ’’ ’ ■ • ' '--••-■-Tnal 

fOTnpTtsSiion or tspansiOT cw- 

known as permanent gas ■ • die 

pressure (/') vs. volume (I*) graph ofsuch a gas at a corwtani tempcia* 

• Law.— ll •l»t« lh»l IIkwAouM no fill nf twpmrurr uf m git 

..lirn 11 npunib into vacuum, if il •* a prriert STV 
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ture, which is called an Jsolkennal Cam or simply an isotkermcd of 
the gas at that temperature, is ibund to be a rectangular hyperbola 
within moderate ranges of temperature and pressure (Fig. 186, Part I). 
That is, PF=a constant at a constant temperature. 

Next, let us see what conditions are to be fulfilled for isothermal 
changes to be produced in a gas. Consider a gas kept in a cylinder 
closed by a movable piston. If the gas is impressed by pushing the 
piston inwards, heat will be generated equivalent to the work done 
on the gas ; whereas, if the compressed gas is allowed to expand 
pushing the piston outwards, the gas will be cooled, i.e. heat will be 
used up, corresponding to the work done by the gas against external 
pressure. So, to maintain the temperature constant, heat is to be 
taken out from the gas, in the case of compression, at the rate at 
which it is produced, and supplied to the gas, in the case of expansion, 
at a rate equivalent to the work done by the gas. If the cylinder is 
made of the best possible conductor of heat, de r^ection or absorp- 
tion of heat by the gas becomes easy, if it is placed in contact with a 
medium of large thermal capacity. So in practice a metallic cylinder 
is used and Ae same is placed in a curreat of air or water, fbr 
constancy of temperature, when isothermal changes io pressure and 
volume take place within the gas contained in cylinder ; if the 
changes take place slowly, the subsunce gets sufficient time either 
to gain or lose heat, as the case may be, and the temperature remains 
un^tered. Si slow changes are often referred to as isotmrmal changes. 

Adiabatic Changes. — A physical change in a substance is said 
to be adiabatic when the substance is acted on in such a way that it 
neither ^ves out heat to, nor takes heat from, any body external to it. 
That is, in an adiabatic change physical changes take place without 
loss or gain of heat as heat. So in adiabatic changes the working 
substance requires to be kept in perfect thermal isolation from 
external bodies by covering the container with perfectly non-condacling 
materials ; such processes are often called the processes of lagging in 
technical language ; moreover, if the physical changes are sudden or 
rapid, chances of exchange of heat will be further reduced. That 
is why, sudden changes arc often regarded as adiabatic. 

In adiabatic compression, a gas is rapidly heated up, because tlic heat 
produced due to the work done on the gas remains lodged within 
the gas itself ; while in the case of an adiabatic expansion, the gas 
becomes rapidly cooled down, for the energy equivalent to the work 
done by the gas is drasvn from the gas itself. The relations between 
pressure P, volume V, and temperature T in adiabatic changes in the 
case of a perfect gas arc as follows : — 

The relation behveen pressure and volume is PV* a constant. 
The relation betrveen volume and temperature is a con- 
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{4) TIu mass o/oib litre of air at CPC. is J-293 gm, when ihe /iressiire is I'OJSy. iO* 
djines per sq. cm. Find the valae erf K ia the equation PV^KT. 

The vol, of 1-2D3 gim. oC air is 1000 c-c. So voL of ] gm. is 1000/1 '293 c.c. 

So,wehave, I'aiSxIOtXj^ =jrx27S [ V 0"C.=273'C. Absolute. ] ; 

„ I dl3yl0*xl000 


273 X I 293 


= 2'87x 10* ergs, per deg 


r gm. 


\vide Art. 58(«)] 

(J) Determine Ike height of the barometer when a milligram of air at SO^C. omipies a 
ilume of 20 c.e. in a luie ouer a Ixongb of mereuiy, the merevry standing TSO mm. higher insjde 
le lube than in the trough. {J ex. of dry m at X.T.P. weighs O-O'PISOS gm.) . 

The wt. of 20 c.c. of air at S0“CI«»1 mgm.»eO-O0l gm. and so, 
wt. oric.c.=0<l01/20gm. 

If P be the pressure of the enclosed air. 


0 ^ 

20 


X (273+30) 


760 

'o-ooiagsxaTa 


; whence Pe*92'0 m 


The height of the haroinctcr=730+32'6 =762'6 nim. 

(ff) Whirl the temperalates tf the air is 3TC. and the barmeler stands el 7SS mm. the 
apparent mass of a piece ef silver when touMerpoised by brass weights in a ‘delicate • 
kalttiiee is fomd to be 2S gms. What is the actual mass ? 2’Ae density tf silver is lO'S and . 
that gf brass 8-i, 6o(?i at 32'’C. 

Let m gm. be the true mass of (he silver, ihen its volume is m/lO'S c,c, which is 
also the volume of air dtapUced by it. - 

This volume reduced to N.T.P- becomc$= ‘ 


Hence the apparent mats of silver in air 

0-0011497n /, 0-0011«7\ 

m— ’ ioT“/s"' - 

The volume of brass weights is 25/8'4 C.C. and the mass' of t 
/eight5«0-001 1497 x 25/8+ gm. 

TJic apparent mass of the brass weights in air 
,, ( , 04)011497) 


. .(1) 

■ displaced by the- 


:t the apparent vvdgbis of alver and brass ate in cquilibr 
0-0011497') f, O-OOll^l 




or. ik« 24-9934 gm. 
+ litre of oir at 0°C and tender atmos^rerk pressure aerghs 1-2 gms. Find Ikl mass 
required to produce at —lO°C. a pressure of 3 abraspheres in a volume of 75 c.c. 
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l.‘fn’RMPlKATT. rfI\SIC3 


Then from the formwl* , *,c ka«e 

^ume of ihe ttiiu of air at <rc, and at atmc 
»'-240tMlcc. 


srx?^ , 

— 25r ' 

•I'hfTte prmur* 


ic t' li the 
J', »limee 


M ( 2 pn. 


mau of 1 lure or 1000 cc. ofair 
The mau or2t0Qft c r.of aw •> 


at O'r. and an 
2>0CS-e I 2 
l(AXI “ 


0 209 (tm. 


Oncsdotit 


I. Sute eoneiiely the teUtinna betvreen the voJume, t*re»ut« aivl tmocrahite 
{C. U. 1912, *50 . C U. 1950) 

IJcjctibe an eiperimml lo fravr llie rrLiiSon linwrm [ aiwute anil irtnprriiure 
wbm Oie volume ii krpt coruunl, [C, I). 1912) 


oTmrrciJryaalS C. 

{<(aJ. 4171 S/] 

3. A flaik <whfeh eefltanu 2S0 e.«. ofair at aimrapbrne ptnoire u iiealnl l« 
100*0., and then rorlrd up. If il i< afierwanb iminenn) moiitli dawnwardi in A 
TOul of vtaitT Al tCTC , arnl the rmk leminttl. what volomt td vratn vid entet il,e 
Raik, if the final preoure ii aimeephme f 

(/(u. COd e.c.} 

4. A (Uik eantainiflie dry air t< enrlrd up at 20'C. the prniurr beinc one 
aimniphere Calmtace the lernperaivre ai which the eem would be blown nut 
If ihU (KTun when Ihe prmure iniaje the flaak ii I 7 aimmptirm (It U 1955) 

fd/u, 225 1*0] 

5. lOnmbe an exprnment laOnd the eoeflinmi of exponnon ol a eu at eoniunl 

preaiurt. (C O m9. *35, 40, ‘SI , l‘j« IW’) 

C Dmcnbe l)ir ronrlant volume air Ihermonirtcf and explain bow you will 
ute It lo find Ihe mrllins point of wax. 

(AO TOT . </ mo. Ptt. tW, , R IJ lOU, MO) 

7 Tlir Uieuurr in a cniulant volume air tbermomrler ii 770 mm ai IS’C 

557011 will It be at 2(rC ? 

I.dxr. 78J mm.J 

fl. Rmve that for a pr-rfeel icav the volume and prraiurr ti>e-irjCient» are 
<t]ual. (Ntf U 1953 : lUjputaaa. 1919 . OH 1952 . L P II 19)7) 

9 Ijiplain how the thermal exnaiuion of air can be uulnrd a» a miivmirni 
mpani ofmraiunne irmixTalure 'All 19)3. ’2t) 
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12. What meant Viy 'absolute tcnq^eratixtc* ? Find the value of the absolute 

zero oa the Fahrenheit scale. (Pat. 192B ; G. U. 1951 ; C. U. 1938, 49) 

{Ans. — 459-4“^.] 

13. Why is it necessary to t^cc account of the pressure of a gas in determining 
its coefficient of cubical expansion ? 

200 c.c. of air at I5*C. is ratted to 6S°C’. Find the new volume, the pressure 
remaining unchanged. (C. U. 1915) 

lAnr. 2347 C.C.] 

14. A gas at IS'C. has its temperature raised so that its volume is doubled, 
the pressure remaining constant. What is the final temperature ? (Dae. 1933) 

[/1m. 299’C,] 

15. Find the percentage increase o£ pressure in the tyres of a bicycle taken 
out of the shade (59''F‘.) into the sun (95*^.) disregarding the expansion of 
the rubber. 

[Akt. 7%] 

16. At what temperature would the volumeofagasinitiaUY at O’C., be doubled, 

if the pressure at the same time increases Irom that of 700 •to 800 millimetres of 
mercutv ? (C. U. 1918) 

[/Itir. e=85I'C.] 

17. What volume does a mm of carbonic acid gas occupy at a temperature 

of 77°C., and half the standard pressure ? (I c-c. of carbonic acid wcigits 0-0019 
gram, at O’C., and standard pressure.) (G. U. 1912 ; cf, 191B, ’S3) 

[dns. 1349 e.e. nearly.] 

id. At 22‘C. and pressure of 74 cm. (he volume of a given moH of gu 
was found to be S4'02 c.c. On cooling to 0*C., the volume became 49’S c.c., 
the pressure having risea to 75 cm. Find (he coefficient of expanslea of the 


[Am. 0'0036B/'’C.] 

[9. State how the volume of a eas changes when its temperature and pressure 
both change. (Dae. 1921, *33) 

20. Air is collected in the closed arm of a Boyle’s tube and the volume found 
to be 32 c.c. the temperature being 17*C., and the height of the barometer 
733 mm. while the mercury stands at f'S cms. higher in die doted .-irm than in the 
open one. What would be the volume of the air at 0“C., and 760 mm. 
pressure ? 

[Am. 29-7 e.c,] 

21. A quantity cX gass collected over mercury in a ^aduated tube is found 
to occupy 25 c.c. at IT’C. The level of the mercury inside stands 15 cm. higher 
than the level outside while the barometa- stands at 75 cm. Find the volume that 
the mass of tile gas ivould occupy at a pressure of 74-5 cm. of mercury and at 
a temperature of 32“C. 

[Ans. 20-5 C.C. approx.] 

22. Establish the relation for a gas. 


(Mysore, 1952 ; East PusUab, 1953 ; G. U. 1950 ; U. P. B. 1951 1952) 

Given that one litre of hydrogen at N-T.P. weighs 0*0896 gm., calculate the value 
of JJ for a gramme of the gas. (C. U. 1938 ; R. U. 1959) 

Write down the value of the gas constant. (G. U. 1950 ; R. U. 1945) 

[Atu. 4-15x10’ cigs/'C. ; 8-3x10’ ergsfC.] 

23. Assuming the perfect gas equation to hold for carbon dioxide, calculate 
its gas constant Ji, given that 22'4 litres of CX>* weighs 44 gms. at N-T.P. 

[For 1 gm. of CO,] (Rajputana, 1945 ; U. P. B. 1947) 

[Am. 1 -88 X 1 0* ergs/’C.] 
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24 l^en>:kuori ce of h)^it«'n al O-tlai.l 7<W> mm r 
<r t r. l\ h>i wjll l>« 111 niaM prr c c. Bl 70'C. Btul 7C0 ir 

[111 0 00««37 citiftcl 

25 A lilff of hydtocrn »l N.T.P. Ht-igh* 0-3 gm. ihfxt 
I ilin f-ai at 27'C. BnJ 7J cm. pmuirc ? 

[Jju. OQgm] 

2G Com}urc tlie (Irn^ity of air at lO'C and 750 mm. | 
t ir.*r ar.1 7C0 rim |irruurr 
[.4«j M 53'77J 


ii 0-OOOtB'« gm. 


‘ Hrii;fil of a hire 
LH I’urjali, rjJ2> 

e viilh itt dcTuity 


27. On a trr^aui liay \Kr liatomrtrt tradi 7C Cm. and IrnvpcratMtc va 10*0. 

On fwiiig lalrn lu ihr r>f a mine aliafl. «l.rr<" itir irmlirraiiirc {• 27'C.. Oic 

turomrirr reading merravn by 4 cm. Kind «hc ratio of the drnuly of tlic air at 
the timir rn of the •li.nfi lo (hai of air on the sratinil levri. 

[dni 0331 ! 4] 

211 A fUik II mini with 5 gmi of |p. at I2«. anj llirn hrsirtl to SfrC. 
CNrinr to the caeape nraamc of the gai, (lie |>rfaiucc in the flaik it the tame at the 
brpiririing anti end of the «»pcnmefit. Fuid what weight of the gat hat eicapexl 
|dai. 0 G7 gm.} 


33. Write noie* en the meiroiUr tao(H>n in gain (C U 13197 

3l> Ilovr do )Ou arrouni for die ptniutr ofa gu in a cloied ipacc and on what 
faewn do« « depend f iPat 1933} 

91 nifTerentiate iKiwem lioihermal and Adiabatic changn with the hel^a 
ef iiniple Uluutrationi. 

(}blain a reUiion between the uoihernui and adiabatic elatliciliei of a peTfeet 
pai (!< U I9(7> 


(liifr An 24, Part 111] 


CHAPTER V 
CAtOIUMETRY 

66. Quaniit)’ of Heat 2 — If t\e take 10 {rms of Mater anil raise 
the icrrpcniturc from IOC to ?0'C, then llie quantity of he.H 
requiictl for tJiu jmrpijte will miie the Irtnpef.rntre of 1 grn of m .ifcr 
ilifoiit*li lOCTC , ot loo RiYW of yvatcr threvush l‘C, 

From tint we fml that i!ic quantity of heat reqiiiretl to r.nne llic 
tcinjxTatnre of a suljstaiirc throut;li a k*'*" ran^'e tlcpenrti on ( 1) iii 
mast, {2) ratst cj tmf-fratUTf, t.e. on the numlxrr of «lrf;ree« thrmiRli 
which It is heated, ard, we shall see later on, ji ol«> tlependt on f3) the 
nat ire of the siibtfanrr. 

67. Calorimetry *nd Caloriraetera Cilorirnrtij meant the 
Science of meatureinent of qu.mtiiy of heat. It hat come from the 
word CaloTu \>hich is a popular unit for quaniiiative tneatiirerneni 

if that. Tlic letsch in wluch the measurcent of quantities of heat 
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is carried out are called Calorimelm. These vessels are generally 
made of copper. Vessels of dificrent sizes and shapes and made of 
special materials are also avsulablc. Every calorimeter is provided 
■ivdth a slirrer rnade of the same material. The stirrer is generally 
taken in tlic form of a wire ending in a loop svliich is placed in the 
liquid used in the calorimeter and moved up and down. 

68. Units of Heat : — 

(a) Calorie. — It is the C.GS. unit for heat and is the -amount 
of heat required to raise the temperature of one gramme of pure 
water through 1“C. This unit is called a calorie or gram-degree Centigrade 
Unit. This amount is a quantity which can be added, subtracted, 
multiplied or divided, just like any scalar quantity. 

[ It is experimrntiilly found that the quantity of heat required to raise the 
temperature af 1 gm. of water through l°C. varies at differuit ports of the 
temperature scale, though the variation is small. So. tlie size of tbs calorie, 
according to the above definition, is liable to vary. Tb« has riven rise to various 
definitions of a caloric, each of which seeks to fix up the size of the calorie in its own 
way. We must at least take note of two of these One of them is known as 

the I5*C*. calorie. It is equal to the heat requited to raise 1 gm. of ivatcr fiom 14'5°C, 
to l5‘S°d In accurate calculations, the sciemists prefer ebts unit to tiic other unit which 
is called the mean eaJorie. The mean ea/arie is equal to the heat required to raise 
1 gm. of tvater from O'C. to lOO’C. divided 100. For ordinary calculations it 
is this mean eahrU which is coramoriiv used. Unless great accuracy is required, one 
need not distinguish between the different values of enlerie over the range O'C. 
to 100»C.] 

(b) The British Thermal Unit (B.Th.U., more recently, 
B.t.u.) or Pound-Degree Fahrenheit Unit is Ike amount of heal required io 
raise the temperature of 1 pound of water through 1°F. It is also expressed 
isB.TLU. 

1 Thcrm.=100,000 B.Th.U. 

(c) The Centigrade Heat Unit (C.H.U.) is the amount of 
heat required to raise the temperature of one pound of water through 
1“C. It is a mixed unit and is largely used in Engineering. . 

69. Relations between the Units of Heat — 

I Ib. of watcr=453'6 gms. of water ; and I^F. ==§C.° ' 

1 B.Th.U.=453-6x|-=252 calorics. 

Thus to convert from calories to B.Th.U., multiply the calories by 
11252 ; and to convert from B.Th.U. io calories, multiply the B.Th.U.’s 
by 252. 

Again 1 Centigrade d^ree is | of a Fahrenheit degree ; so the 
Pomid-Dcgree Centigrade Unit= -f or 1'8 B.Th.U.; and since 
1 pound =453-6 gins., tve have. 

One Pound-Degree Centigrade Unit (C.H.U.)=252 x|=453-6 
calories. 
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70. Principle of Kleascrement of Ilest -Take l\vo Lealcn 
of the umc slac. Into one of them put 50 c.c. of vaier (ma£>>^50 
gnu.) .Tt 4Ci’C., and in the other 50 C.C. of ice-cold \^ate^. Now 
quickly in« the conienu of the two ttcAkrrs. It will Ijc found that 
the final lemoeraiure of the mixture it midway lichteen 40’C‘. and 
o'c. e.c, acre. ' 


Again, if 100 gms. of water at CO'C. »* mixed with 100 gnu. of 
water .a( atTC., the reSuldng temperature of tl»c mixtute will be 40*0. 

In this experiment we assume that (a) the quantity of heat e.iinrd 
or last by one gramme of water taken at any temperature for a «iangc 
of 1®C. is constant, i.r, it is the same wlicllier the temperafure clunges 
from, say, 30' to 31*. 80’ to 81* or 55* to 5G* : (5) the exchange of 
heat takes place beivfcen the tsvo quantioes of water widtoui any loss 
or gain of heat fmm any other causes 

In other words, the lie.st Inst Isy 50 gnu. of warm water, is equal 
to Uie heat gained by 50 gtm. of cold water, or again the heat I«t by 
100 gnu. of water in coohng through 20‘C. (from GO* to AV) has 
lalteti the (emperaiure of 100 gms of water lltrough 20* (from 20* to 
40*). Tliis is the nuin jwinaple of the mrasurement of heat, iji 

beat lost=^beat gained. 

50(40-«>»ln(»-0) , m. •OOOs.lOO/; t>r. t-SCfC 
(Note,— ir two fn&un >*, and r, are added, the tnultaal msu, in—in,4ni 
andiftwociuxniiuesorhest Q,a™S <».•'» mdded,sh»Tr«\iUimei'Ja''ii«y.Q.«(i, + {l, , 
but leTnfrralwa da nalftH»,o ina adjiiia^ Ira. «ir . <S two bodies at Irainerstum I, ami 
0, are rmsed up, the raulune trrDprrsiure $ of the muiure is not rriusl to 


71. SpedCc Heat : — Wc luve seen that by tntxiiig 100 grams 
of water at 60'C. with 100 grams of water at 20“C., the resulting 
temperature of the mixture becomes 40'C. But If 100 grams of water 
.at G<rc. arc mixed widi 100 grams of turpentine at 20*6'.. the resulting 
temperamre of the mixture will be about Tliiu, the heat given 

out by the water in cooling through i3°C. a sunicicnt to raise the 
temperature of tutpeniinc through 28*C. If any other liquid is uikrn, 
the result svill be oiircrent. Again, if equal masses of dilfcrent metals 
arc licatcd to the same temperature, and then each of them U Sepa- 
rately dropped into a beaker contamirif; water at die room temperature, 
\he mass m •water in each beaker beavg tl* vauw, it -Nitl be found dAt 
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absorb different amounts of heat when heated through the same 
range of temperature. 

Expt. — Place a number of balls of different metals, say lead, tin, 
brass, copper, iron, and of the same mass, say m gms,, in a ve^el of 
boiling water. After a few minutes 
remove the balls and place them on 
a thick slab of parafBn. The balls 
will melt the parafEn, but not to the 
same amount (Fig. 36). The ball 
which absorbed the greatest heat 
will of course, sink far^est into the 
paraffin. 

Since the mass m and the rise Fig, 36 

of temperature t are the same in each case, there is some speci/ic 
propsTty of the substances on which the quantity of heat taken up 
by each of them depended. The sptcifie kcat of a substance refers to 
this specific properly of the substance. 

The heat H required to raise the temperature of m gms. of water 
through calorics. 

The heat required to raise m grams of mercury through the same 
range of temperature (/^.) is much less than mt calories. 

If H' denotes this amount of heat, we have, /f' cc ml j or 
sXmt, where r depends upon the specific property of mercury. 

72. Deffnidon of Sperific Heat : — Specific heat is defined ia 
different books in either of the following two ways. The modem 
view is for accepting the second definition. 

(j) The specific heat of a substance is given by the ratio of the guontily 
of heat required to raise any mass of the substance Ihroagh any range of temperature 
to the quantity of heat required to raise an equal mass of water through the same 
range of temperature. 

(ii) The specific heat of a substance is the quantity of heal required 
to raise the temperature of unit mass of it through one degree. 



(i) According to the first definition, the Recife heat is a mere number 
involving no unit for it, i.e. in both the C.G.S. and F.P.S. units the value of 
the specifu heal of a substance is the same. Thus if m be the mass of a 
substance and s its specific hca^ 

_ amount of hea t reqd. to raise m gms. of subst ance through /‘C. 
amount of heat reqd. to raise m gms. of water through FC. 
.Similarly, in British units 

_amount of heat reqd. to raise jn lbs. of substance through I^F, 
amount of heat reqd. to raise m lbs. of u-ater through l°f. 
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Ilut flic amount of heat required lanthe m jjrams or water lhmu!*t» 
f'C. ii ml calorie*. 

Tlierefijrc, liie amount of heat requited to raite w praim of a 
i\jl«tancc thnn^h I'C.—mXiX I calorics. 

SimiLtrly, the amount of l»eat required to irtite m poumlt of a 
sulj^Unce lliroiis;li Xt Kl ILTIi.U.'s. 

Thus, tiie amount of heat required to raise the tempcraliirc «if 
a lx>dv'=-Maas xSp. heatxTlUe of Irmperatiire (Caloriei, or 
B.Th.U.’e), 

Example. — 

(«) "nie sj»ecJfic heat of iron t« Oil. This meam that Oil 
calorie \mU raise the temperature of I gm. of iron ihroiish I’C., or 
th.at 0 11 D.Th.U. will raise the lemperauire of 1 Ib. of iron ttiruui(]i 
IT. or that 0 1 1 pourd-degrec centigrade unit cf heat will raise the 
temperature of 1 lb. of iron through VC. SimiUrly, I gm. of iron 
cooling through I’C. will gire out O'll ealone of heat. 

(ii) According to the second deliniiion, the spccifte heat is nnt n 
niimlier, hut a quaniity of heat, rr it n aspressible in Mine unit, 
in the CCS. syatem, its unit u cals per gm, per ^ , i«lierc.xs in the 
i'.r S unit, Its unit it II Tli U *l per lb. per *r. Thm, the quantity 
Ilf heat required lu raise the icmpcraiurc of Uxlyssmass «.sp hr.ie 
> rise of temperature (Calories, or B.Tb.V>’*)> 

73. Thermal Caparlfj' t— Tlie ihcrirwl c.ipacity of a bo.ly ii 
the quantity of heat requir^ to raise the temperature of the Ixxly 
through r. 

If n be the mass of the bodv and s its specific heat, die ihrrtn.tl 
capacity of the Ixidy - ntj units oflicat. Ii\ the C (i .S, sysiein «linc 
in IS in gms and temp is in ®C, the lltermal capacity w cahirica. 

Thf sr<fnj.f ke.1t oj a substave gtcft thr tkermal repxitj of a ioJ^ f-n 
LHil rrasj. 

rumple. THt A-iinui af uv ’c «• • 3, etJ itrir S«tt trr 0-t! 

ent U 0‘J ttiyiii.tti it/xr Airmal <ii>scUm t*T vtit 

Let ihe Jounirj of ilir c»»o Hilnunm be 2« stMl 3« rT»p<^t*»«-l(^ [^'*^1* 

3t irmi. limrr ihr itirrml rsp.inlr prr anitvidiimeofthelini lutKittncc* tc rU 12 . 
an, I that cf the t«y<n<i >ub.iaiicr,>lrxCH)0. 

Thmnst capsc^tv of the ttrsawiSitaiscT 2aAOl2 & 

'■ I hemal capacity ^<i>e ferratl niBDUnce ’"jK'Ovy 9' 

74. IVater Equlsalent t — Tk* ireter e5vi.'«.b»!r cf a teJj ii the 
iiw^ of M aicr which will be healed ihroiigh 1* by the amount of heat 
required to raise the temperature of the body ilirough 1*. 

If n gms- Ise the mass t»f alsndy and * its specific heat, the amount 
oflicat required to raise the iemperalurc of the body ihrouli PC.“-ru 
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calories. This amount of heat will raise ms grams of ^vater tlirougli 

rc. 

Water equivalent of the body=nw grams. 

5b thermal capacity of a body is numerically equal to its water 
equivalent. 

75. Determination of the Water Equivalent of a 
Calorimeter : — Dry the calorimeter and weigh it along with a 
stirrer of the same material. Fill the calorimeter to about one-third 
with cold water, note its temperature and weigh it again, and thus 
get the weight of water taken. To this add quickly about an equal 
quantity of hot water after coiTCCtly noting its temperature. ' The 
temperature of this water should not be very high, otherwise the loss 
of heat due to radiation etc. (which lias not been considered in the 
following calculation) shall have to be accounted for. Now stir the 
mixture and note the final temperature. When cold, weigh the 
calorimeter again to get the weight of svater added. 

Let mass of cold watcr=jn gtns. ; mass of hot water=!m' gms, ; 
temperature of cold watcr=<j*C. ; temperature of hot wator=Jj°C. ; 
common temperature of the nibtiurc=t®C. ; water equivalent of the 
edorimeter and 8tirrcr=fk' gms. 

Heat lost by m' gras, of hot water in cooling through (1*— O’C. 
{) calories. Heat gained by m gms. of water in rising 
through (1— ri)*C. =m(t— Ij) calories. 

Heat gained by calorimeter and stirrer in rising through (l— li)*C. 
= calories. Now, we have, 

total heal losl^lotal luat sained, 
i.c. ra’(/4-t)=M'(l-*i)+'”{«-'i) 

Errors and Precautions.— -Heat may be lost by the hot water 
when being poured into the calorimeter, and moreover, the hot 
mixture will lose some heat through radiation. Due to both the 
accounts, the final temperature will be too small. Again, unless the 
temperature, of the mixture is small, the loss of water by evaporation 
will be appreciable. 

The loss of heat by radiation from the mixture may be eliminated 
by adopting Rumford’s Method of Compensation. In this 
method, the initial temperature of the water is taken as many degrees 
below that of the atmosphere (by addition of ice-cold water) as the 
final temperature of die water after mixture will be above that ‘of the 
atmosphere. So, the heat lost by radiation Ihim the calorimeter after 
mixture will be exactly compiensated for by the g.ain of an equal 
quantify oflieat by the calorimeter and its contents before mbtlure. 
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room fcmpcraturc as the final ternpcraturc uould l>c a!x3ve (RuuifDrtl's 
Method of CompcRMiion, An. 75) the temperature of the room. 

So, the loss of heat b>* the calnricneter durint; the sccoiul half of 
tlic expt. is compensated for, b>' an equal pain in liiB first lialfi 

Tlic outer and inner surfaces of die calorimetfr arc sety often 
polished by \shich the less of heat by railiaiinn is reducctl to some 
extent. 


(2} Some heal is lost in translerring the liot solid from the 
stc.sm-hcaler to tlie calonmelcr ; so an arrangement U ni.tdc few 
dropping the liot solid directly into the calorimeter by liriiipinp it 
unoer the steam-heater. 

Some heat is also lost in heating the thcnnonietcr. 

{3) Tlie tt-ater equKalem of the calorimeter and stirrer should 
be taken into account in calculating the amount nf the hrat gainnl. 

(4) The thcrmouieter should he xeiy senstuve, say praduated to 
i^lh or jth ofa degree ceniigraile 

f5) The change o/ Umftrnt-jre vj the nal'i in tie laloumtlrr liaulJ 
cescrrsif teij cecurattlj, as dte accuracy of the lesult depends tnore 
nn the aeeuracy %stih uiuch tlie change of temperature nf the water 
in the c.-ilorimetcr is noted, .and not so much on tlie accuracy in 
weighing 

(f>) The themiometer used in the 5teain«heater sliould he 
corrected for die boiling point. 


EMinptr*. t /) A •/ •' 99 (. •• t'-i-eJ « eoLntr-iln iCO 

f-u ej ua'ir el ii C Th lemffierjn << .*/ <. Tkt eeLnmw tieitii iO 

fn\i md I! meJe ef e ma'erial rf kfai OOt Cat-vla'i iSt tkjiwl tf lie 

Lri (. Iir itic ihcrmal rapaniy nf the pterc of l<-ad 
II«3i leal by th< Irsd piece C|99-2I| <al 

Ural saincJ liy ealonrneirr »ral vratrr-<0 • OOl > 121- ! S; +200,21 - 15) rat. 
Ilrac Ic.-hrat ja.nrj H-^crOTC. 

CXW-2l)-(t0x<KH+2«»{2l-l5)-2C«t<6. ^v^^^ce C-tSt e»lori«. 

(2) An alley eannili ef 40^^ nntel A pteie ef lie elLrr 

C "//“^/Sl''“l^Ser"l<nt^' C. 
taUnla'e tie ei ivui i/mferariTr ef tie atiy [.^ h •/ irfi^ — OOyS, if. kl tf 
n,MI^ 0 II] 

The ma.a cf copper m ihe alloy — JOjrio* , aM 

llie inau of nickel in the alloy— x50— 20 Rini 
1^1 1'C l«- the oncinal lemjxTalijreWUie altos, then 

heat tost ty ^0 ^ 0 005 n f t - 201 eat, teat Itni try rwrkele CQ xOTl 

cal . hrat gainot by watcr-SS X(20-I0, Cal 
Since, heat lost— 1 eat troinrs). 

(;-22J'JOxO«a:)+ 120x0 l?)l-(20-IOj<5J+5}.s. hence /..mec 
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(5) Equal volumes of mircuiy aad glass hone the senu capacily for heal. Calaxlate the 
specific heal of a piece of glass of specific gramtg 2’S, if the specific heat of mercury is 0-0333 
and Ihe specific gravity, I3-6. (Pat. 1922) 

Let the volume of the piece of glaa=F C.C., then itt mass^yxZ’S gms. and the 
mass of V c.c. of mcrcury=KXl3'6 gms. 

Capacity for heat of Kc.c. of glass {Hi)=«Fx2’5xj (where / is thesp. ht. of glass). 
Capacity for heat of V c.c. ef mcraiiy (/y=KXl3-6xO-0333. 

We have, 

Fx2'5xj=Fxl3-6x(M>333; j= =0.1S1, 

77. Measarement of Higb Temperature by Calorimetric 
Method : — In principle the method is the same as the method of 
mixtures as explained in Art. 76. 


A solid of known mass and sp. heal, preferably a good conductor 
of heat such as a metal, whose melting point {vide Art. 9S), is much greater 
than the Umperahae under measuremenl, is placed in contact with the 
source of high temperature. After an interval of time when the 
solid has attained tlie constant temperature of the batli, it is taken 
out and immediately dropped into a calorimeter containing sufficient 
water to cover the solid, and the rise of temperature of the water is 
determined with a sensitive thermometer. 


Let tlie mass of water taken 
„ „ „ ,, solid „ 

Water eg. of calorimeter and stirrer 
Specific' heat of the solid 
Initial and final temperatures of water 
Unknown temperature of the bath 
We have w.r(t-tj)=(m.l + M') 
calculated. 


=w 
= W 
=s 

=h, <2 

whence t can be 


Example. In orJer to determine Ihe lemperalare of «yiirnaee, a Platinum tall weighmg 
80 gms, is introduced into it. When it acquired the Um/KrtUm of Ihe furnace, it is tranf erred 
quickly te a vessel of walir at IS°C. The Umpetabm rises to A*C. If the weight of water 
together with the water equivalent of Ihe ealorimeUT he 100 gms., what is the lemperuliire of 
the furnace ? (Specific heal of plalimim^-rO-OSeS.) 

Let l°C. be the temperature of the furnace. The heat lojt by ihe platinum ball 
in falling from t°C. to 20“C.-80x0-C865x((-20) cal. 
and heat gained by calorimeter and walcr-400p0- 15) cal. 

80xO-03G5x(r-20)=400(20-I5) ; whence r-705°C. (nearly). 

78. Heating {or Calorific) Values of Fuels : — “The heating 
or calorific value of a sample of coal is 12,000 B.Th.U. per pound” — 
simply means that the heat ^ven by the complete combustion of 
one pound of coal of tliat particular sample is 12,000 B.Th.U. The 
heating value of any other fuel — solid, liquid, or gas — can be similarly 
expressed. 


For accurate determinations of calorific values of fuels, special 
fuel calorimeters such gas the ^omb calorimeter, Bunsen’s gas 
calorimeter. Junker gas r^orimeter, etc. have been devised. 
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Now. mix the iKird Utd let 3*| tic the rm^t trnitirraliirr nhifh {« 

greater than r hut J-« than l„ tb«n «e ha»e (ViCri-rj+ni.^Ti-r)-! 




It ^ l)u fat 


<<i9rA/» II 0 S. It u 


priit- Volume iif the irctwic 
-2«)0 kO 5 - 1000 cmj 

Hrat eapjtiiy of th« fif« Ixiuxt. 7/, ••2400 


{fat. /S.-6) 
: inaM of the Tini Iiquiit»3000 x 0'8»2l03 
(3000 c^. i mau Ilf tlie irennd liquid 


^Yeh»^f, //, = //, my)vi,-|000x.,. . “ r> • 

(0 A miitait if 5 lt"ii Ilf ho hiutdi A «ni P u hfa'tJ h fTC tud ihn nueJ inA 
Ci(mi iftta'rrfSI C. Tluttnlteiill^mfiroruion IO< Ifl^niftnfiehtalefAnOlHi, 
that tfP II 0 074C,fnd ihi amoiailt/ A 4i^i Pn tla oiiijufi 

liCt < be the amimnl of 1. and/, (hr a<nc>uiit nf D. ihn) kgiiii (I) 

Heal loe« bv » k?™ of d-a k lOOOxO 1212 y (40 — 10) ealatin. 

Hrai ln( of/ kgnit tif /J / • lOOxO'OHO • (40 10) calonrt 
Toial hrai lott t;y the mtxcure •<30U«<f2 236/) > 1000 ealune*. 

Hrai {;ainnl hy nairr. f.y 1000 X <10-7 C7] UOflO calonn. 

Hener, Sh3i-h22l1t I39W , Hut a i f from M I 
3ri3(i'3-/<-«-231.<t> IS'lOO . (rum xliKh / IWtJkfmi 
. « }-3 0C»} ltl}37k^ 


80. Specific Heat of Case* ; — Wlier. lieat ii apphrij to a ijat, 
the ti!c of temperature may l>« accompanied by an increase of 
presjiirc, «jr xoluine, or both. It may, h<iv.c(cr, be to arranged tlut 
while temperature nscs cither the pressure or the volume rcmaifu 
constant In the case of a constant pressure air thermometer (Art. 
43), Uic pressure is kept constant wliile the vrylume increa'cs with 
the rite of temperature In case of a eonstant volume thermometer, 
the volume is kept constant while the pressure increases unu the rise 
of temperature (Art SO) Tlieterore when the mass of a gat and the 
amount of heal taken to raise temperature through a ccruin 
range are known, the speeific heat of the gas can l>c calcnlaled at 
consunnt pressure, or afconiiaiit vulurnc, at llie cate may be. 

Tlie SpeciCc heat of a |;aa at constant volume (C,) U the 
amount of heat rrtjuired lf» raise the tcmpeniturc of unit mass of the 
gas through 1*, the volume being kept coiistant. 

Tlie Spec! Tie heat of a g*» at constant pressure (C/) It the 
amount of heat rcrjiiircri to raise the temperature of unit mass of S 
gas through I*, the pressure laang kept constant. 
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81. Cf is greater tlian C, ; — Suppose 1 gm. of a gas is taken 

which is to be heated through A definite quantity of heat will 

be required for the purpose when the gas is heated only but not 
allowed to expand, i.e. when the volume is kept constant and the pressure 
increases. Again, if the gas be heated and allowed to expand at 
constant pressure, i.e. when the pressure is kept coiulant and the 
volume increases, heat is necessary not only to raise the temperature 
of the gas, but tilso for the reason that the expanding gas docs some 
work against the external pressure while in the first case no such work 
is done. Thus, at constant prcssnie, in addition to the heat required 
to raise the temperature through 1°C. at constant volume, some 
additional heal must be necessary to supply tlic energy for the work 
done during expansion against the external pressure. Hence, the 
specific heal of a gas at constant pressure (Cp) is greater than the specific heat 
at constant volume {C»)- It is found diat the ratio of the specific heat of 
ageu at constant presstire to that at constant volume, which is ordinarily designated 
by y (i.8. y=C,/C,) is equal to I'4] in case of di-atomic gases, like oxygen, 
nydrogen, nitrogen, air, etc., J'S7 for moao-alomic gases, while it is equal to 
i'SSfor tri-atomic gases. 

N.B. For solids and liquids, Cp and are practically the same, 
because, on heating, expansion in volume is very small. 

82. To show that Cp~C, = ^ 

The specific heat of gas at constant pressure (C^) is greater than 
the specific heat at constant volume (C#) by an amount of heat 
equivalent to the external work done by unit mass of the gas when it 
is heated through 1® at constant pressure. 

Let us take one gram of a gas at pressure i# dynes per sq. cm. in 
a cylinder fitted with a piston having a cross-scetioa A sq. cms. Then 
the force on the piston=P0.A dynes. Suppose the gas is now heated 
at constant pressure through 1®C. due to which the piston moves 
outwards through a distance it cms. So the work done by expansion 
=force X distance X* ergs. 

Now, the increase in volume of the gas for a rise of 1°C. ~A Xx c.c. 
Suppose the volume of I gm. of the gas at (fC. and at pressure is 
V„ c.c. Then, Axx—VJ273, by Cfiarles’ law. 

Therefore the external work done by 1 gm. of the gas for a rise 
of rC. =P X Pa X A X * =PaFo/273 ags { 1 ) 

But from the gas equation, P^Vo=KT,f, where Tg is the absolute 
temperature corresponding to (fC. and is equal to 273. 

K=PgVJTg^PgVgl273 ... ... ... ... ( 2 ) 

Comparing (I) and (2), it is fisund that the external work done by 
1 gm. of tlic gas for rise of tcmpciature i'C. is K ergs, or K/J calories. 
In other words, Cp~C^=KfJ. 
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ir C- and C. arc laVen Slit a pn.>rao^ecu1e of ga$, the gas constant 
A* \sv!! lie represented by iKc nnj-versaJ cas torniant /T, anil avc liave, 

83. CanecquenceK of hi^h SprciCic Xleat of Water rrom 
a table of specilic beats it will be seen ilwt mrrctiry li.as n xerj- low 
specific lie.it (0 033), which i* one of the advani.Ktes of tisinsj nierciirx' 
as a ilicrinoniefric substance, liecause it will absorb only n xery Sin-ill 
amount of he.it from the lemper.itiirc Uith and so c.in lower the 
temperature of the hath rwily sligbtty. H'ofrr hns a AijSrf ipn^f-t 
heut Ih.m erj oihrT hqind rr johd. So, ft l-irger ntnnunc of heat it 
nccess.1^' to raise the !cmx«rauire of a given weight of water ihrmigh 
a certain range than is irqiiiird liy an cflii.il weight of .iny other 
siil»t.inee .ind th.it ts wltj' u'ltirr if ml mxiaplf ej a thrrmom/lnc lijuiJ. 
Aforrotrr, its spfci/ie hfat satits uiA tmpnolint. 

The sea is heated mnre slowly than the land by the nys of the sun, 
the specific heal of se.i water l>cine higher ih.in rh.it of land ; so 
during mld*day, tlie temperature of the co.ist will be greater tliaii the 
temperature of the sea, but after sun-set. the c.ire will be just the 
rexerse, because the so cools more slowly ili.in the land i'nr 
ccanipir, taking tire specific heat of .irr lu Ik 0 237, it it found that 
1 gm. of water in losing one degree of temperature xiotdd raise the 
temperature of I 0 237 gmi (i.r - 1 2 gnut.) of mr thtnut'lt one degKf. 
Again, liec.iuse w.itcr is 770 times heavier tluin air, one cubic foot of 
xvaier m losing one degree of lempcrauire would increase the lernnera* 
lure of 770 x-l 2 or 3231 cubic feet of air through ore degree I 'rom 
the alsoxe contideraiion it is clear that Ltl.imU haxr a more equit.ible 
cliniaic owing to the influence of the sea. xvhich prexenu i!ie occur* 
rctice of extremes of heat and cold, and so the sea it called a 
medrraCor of climate. 

Tlie cITeri of the diirerciicc in the sjiccilic Iic.its uf se.i-waier and 
land tn.inifests iiscif in the setiing-up of conxeciinn ciiireritt in naiure 
producing land and sea-breezes (rt* Cliapter VIIl). 

Owing to its «p bc.it lieiog bigli, water is preferably used in hot 
water bo'dcs, fons-wannm and but water pipes fur tir.iting 
purposK in cold co\intn«. Moreoxer, it bccoinei less hot than atiy 
other liquid when kept in the sun. 

84. Latent Ileal : — It u fuiinil that xshen a v>[id subttance 

fuses, i.r changes from the solid to die liquid st.ne. it .xfiuirlrt Iie.st 
wtlApui me tf tesrperaMi Ssniilarh, a Jiquiti dunng the pnx-ns 
of sohdifieaiion gixes oot heal usMmr aj If^ptralxnt. J'-** hrH 
chseriti^ a, givos evt, fer uiit r-iic (Igto or I ib.) eJ a suhslsill d-J’ttZ 
(han’t of tuifJtj., sajfjram 1.4/ foUi la M/ fi-prd tr jrenn ihr liipid Is !>>( 
schd seslt) cl AKwfiisj t4e sn^itae.'/ (An ‘>j>, ii ir.aun ci I'm 

’ heat of lesion at t!ic temperature winch is a elnracterisnc 

'"the sulwtanec. 



CArOBSfETRV 


409 


The word latent means hiddea ; that is, the heat -which has got 
no external manifestation, such as rise of temperature, is called latent 
heal, but -when it raises temperature of the substance, it is 
called sensible heat. 

So, tlie latent heat of iusion of a solid may be defined as the quantity 
of heat required to change unit mass of the substance at its milling point from 
the solid to the liquid slate loilhoat change of len^crature. The same quantity 
of heat is also given out by unit mass of the substance at the same 
temperature in changing from the liquid state to the solid state without 
any change of temperature. 

Latent Heat of Vaporisatioti. — Similarly, a liquid at its boiling 
point absorbs heat in order to be converted into vapour without rise 
of temperature. This heat is absorbed to bdng about the change 
of state. 

The quantity of heat required to convert unit mass of a liquid at its boiling 
point to the oapoitr state without change of temperature is called the latent 
beat of vaporisation of the liquid at that temperature. 

The same amount of heat is also given out per unit mass of the 
vapour of the liquid during condensation at the same temperature. 

it has been found that 53b calorics of heat are necessary to change 
one gram of water at 100*17. into steam wilhoul change of temperature. 
The same amount of heat is also given out by one gram of steam 
in condensing to water at 100*C. ; or, in other words, the value of the 
latent heat of steam is 536 calorics. This value will be 536 C.H.U. 
per lb. and In B.TIi.U., (536 x|) =964-0 B.Th.U. per lb. 

85. Units of Latent Heat in Different Systems of 
Measurement ; — Thus the amount of heat required to convert 
1 gram of ice at 0®C, into water at 0“C. is called the latent heat qf fusion 
of ice, or the latent heat of water at 0®C., the value of which is 60 calories 
per gm. This is also the quantity of heat given out by 1 gram of 
water at 0®C. in transfonning to 1 gram of ice at 0°C. 

If the thermal unit be defined by usit^ 1 lb. and TC. as units 
(C.H.U.) and 1 Ib. be used as the unit of mass, the latent heat of 
fusion'of icc tvill also be 80 C.H.U. per lb. 

But in pound-degree-Fahrenheit units, the value must be larger in 
proportion to the ratio of a degree C. to a dcgreeF., i.e. 9 to 5. Hence 
the latent heat of ice in British Thermal Units per 16.=(80x9)/5=144. 

That is, for latent heats, the value in calories pur gram must 
be multiplied by |to obtain the value in B.Th.U. per Ib. 

"The latent heal affusion of ice is SO” means that 80 calorics of heat 
are necessary to convert one gram of icc at O^C. from the solid to tlie 
liquid state without change of temperalure. 
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Note. — .lliis cxpWiii why, in cold cotmtries, the ihemometer 
nnv stand at ETC. in winter without nn>' ice bein^ formed on Uir 
surf.tee of a pond. Tlie water must lose its latent heat before it c.tn 
freeze. 

BG, Reality of Latent Heat t— Hie tealiiy of latent lic.at may 
Ijc shwn by ttuxing JOO grauis of water at C0‘C. with IDO {^nts of 
water at O'C., when the final temperature of the mixture will l>e •!0'C. 
Cut, if 100 },Tanis of water at CO'C., l>c mixed with 100 grsun-t ofice at 
O'C , the final temperature will beO'C. AH the lieat given out by the 
hot w.Ttcr in comint; to 0 C will lie tisiul up tn convert the ice at O'C. 
to water .at O'C Ho the final lemperatme will be O'C. 

Note.— Tile value of the Litrnt heat of iteant is rather liigh, anil 
thW explaliu why burns fnim steam are so severe. These Inirns are 
tttorc pairfvil than those ftom boiling water iiecause of the beat gt'cn 
out by the steam in conderainc- 

87« Detertolnatiod of tbe Latent Heat of roaton of tec 
IVciglt a cnlnrimeter .tnd stirrer (le Rnn) Half fill it with w.artn 
water at alxjut 5* -above the room temperature. W'emh tlie c-nlorimeter 
with ]ts contents ai^in, vi hence the weight of water added u foiiniletl 
{ffi ffms.) Note with a sensitive thcnnomeier the initial temp of 
the water in the cnlonmeier A block of ice is broken into small 
frac;menu which are vvaslieil vvitb clean water .and dried by means of 
blotting pa(ter (let snme of them and 0n>p them into the calorimeter 
bolding them not viith finger but vntli tlie blniting p-aper .Stir well 
until all the lee is melted .Vote the lowest letnpenture .vit.imed by 
the muMitrc which should not evreed 5* l<low the room 

teinjKranire. Weigh the ealonmtier .ind its contents again, whence 
the wv of ICC ailded is found {Af jtms.). 

'Ilic x-sin ijf heat pl.vte in two p itis • (a) an anwiunv i*f beat 
is nccew.-vrv to melt the ice at tl C to water at O'C, di' a funlier 
amount of heat ts rct^uirrd lo raise the ice-cold water to r,'C. 

Ilei.t lost by ealorimeter and stirrer «'!« j -*-«) (f, -ij) cals, 
viheres j -sp lie.st of the material of the Ktlonmetcr 
Hc.st gatnetl b} ice tn mclDQg and by icc-coki vi-ater in rising to 
I, c.ih. wbcie L- latent heat of fusion of icc. 

.\C i-.\f fj= (t,—r,h whence ‘ 

Error* and Precaotli ... — • . i . • >...•. 

time of dropping the ice- 
ami tbe melted ice, i r. wa 
appreciably alTcct the acc 
0 I gm of water (and nc 
D I XflO nr n f.ilnrirt of heat in the calculation 

(2) Tlie initial tempenitiirc of water i* taken 5’ afxive the room 
V. , and final te m perature 5* below It in order tlwt any 
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gain of heat from the surroundings fay the calorimeter after addition 
of ice may be exactly compensated for by tlie loss of heat due to 
radiation by the catorimeter before addition of ice (Rumford’s 
method of compensation). 

(3) The ice, during the process of melting, should be kept below 
the surface of water, and not allowed to float, otherwise the portion 
above the water surface will absorb heat from the outside air, instead 
of from the water in the calorimeter, and the calculations adopted 
above will not apply. For this, use a wire-gauze stirrer. Care 
should be taken so that no water particle accompanies the thermo- 
meter while removing it. 

Examples. — (J) Find the Uumt heal qf fiaka of ite from tki fallowing data : Weight 
of the cali3rimeUr=60 gms. ; M. qf eal.+mta^4C0 gms. 

Tempertltm of water {iefon ke u fat itC\~3d'C. ; /emferalure of mixture^S’C' Weight 
of tetonmtteT+icc=6JS gms. ; sfi. heal qf the talosimeler^Q-l. (C. U. i91S) 

Let L be (he latent heat of fusion of !oe ; mass of water k (460 — 60] b 400 gms. 
and fflsu oricc=(6t8— 460)=!^ gms. 

Heat lost by eabtimeter and \vaier=60x0'lx(38— 5)-f400x(38— 5) eal. 

Heat required to melt 158 cms. of icc and to raise the temperature of the water 
formed to 5’C.= 158i-b 158 (5-0) eal. 

I5BL-{-l58x5— (38— 5) (C+400) ; whence LUTS'S cals, per gm. 

(2) A lump qfirtn tveighag 200 gnu, at SOV. is placed in a itsstl micining 1000 gms. 

cf water at 0°C. si lb least quaniUr of iec wkkh hasiott added to reduce the temperature 

of the lesiel to O’C. ? [Sf. hi. qfmn’>0-ll2). {All. I92S) 

Heat lost by iron in cooling to 0'C.-200xO-ll2xeO = I792 cal. 

The vessel containing 1000 gms. of water was formerly nt 0"C. Nose to 
absorb 1792 calories of heat given out by the lump of iron, the mass of ice 
required •= 1792/80»22-4 gms. 

(3) Find the result qf aiBihg equal masses of iet at —lO^C. and water at 60°C. 

Let m grns. of icc be mixed iirilh m gms. of svatcr ; m gms. of ice in rising to 0°C. 
from — lO'C. will require <nX0'5xl0=Sm calories (sp. he. of iee=-0'5). Again 
m gms. of icc at O’C. in duinging to water at 0“C. wll require BOm calories. But 
the heat supplied by m gnts. of water in crohng from CCTC. to O^C. is only 60ei calories- 

— I0°C. to O'C., and the rest, U. SSot calories, can turn only ^ ” or ™ Etns- of 

ice into water at O’C. TTie remainfog portion, /.e. ^ m gms, of icc must remain 


as such. Thus, the resuit of the mixture is that jg parts of icc will be rnellcd into 
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t^e (inal trmiy-ratiirr tir I'C. Heat sa!nnl by ice in up to I'C 

from -lO'C --5vtybyJu-[_H>,j+5I,+-5{»-0). 

ITfal Intt \iy »,-aler.»2(H3a-0 raliinn. Taking /.-W nnii% 

\>ehav«.2j^-5>a34-jJ-20x(30-») - 1“7'C 

Tht grrz.n »f u 0'9IT ; 10 •/ • et iOO C M i-’vrirj 

M a mirt-jrt nf ue nifuatn, mJ tif nti/Ki af licruilvt fi JjuaA la ii rrJiurJit I2S‘ »i"i 
ItilJiaal <hdn;r ef Itmfr’alatf. firj Ui t/W/e hrat of fu mUi. {i’e! /SH> 

^Ve know ihae vclurrn! «-ar>«« mvrf»Hy judnuiiy } fo «h<ni f'r e. of ire ii cluniiM 

1 09 c < cfjet becotn« 1 1 f of wairt (wt — 1 gm > »« «lie »nifle irmivnluro 
nr, in othfr Monir, I gm of jco tn itirliiiig tt rnifucftj in \olunie by 0 ^ c c ^ ami 
lliK rrquira 80 (alorm of hral 

Ia (h«<^ample, we hase, <Ke beat Imi by iheinetnl. 

»IOXTX(IOO-O>ol ••(lOOOical.). (jwip.bt orilii- mecalj. 

The eeduetion in'olume af the mUtute •• IIS a.ram.»* “ i* «-e 

,* Tlie amount of ire meiied — j* — gm 

Tile amount of heat retivireil co melt jjg'" ^'** ** ( ^ ‘^ falnnet 

By the rtamplf. we bate lOOOiw . *" lawlwyi 

(ffj Il^al uok/J te lAt rauti Itt. tt lOO'C it trtrk /) Ul. 

a/ ui tt C C ’ (Sf ht ij ieffiraOO'JS and Lamt k/aJ a/ 

Ibi <if Clipper at Hxyf? in moling to O'C gne out U E»Sx IWwII 79 
poun4<«i<Ttee ‘C neat uaiu iC .11 C I. 

To melt one pound of tee at VC 79 pouoil-drgrcc *C lirjt umu are 
rcriuirnl 

The Amount of ire meiietJ by tZ 75 heat umti "SI T5f79n.(y5l Jb 

Ifmec die amount of ire rmuiiung unm<-ltei1 - l-OSI-O-iy, lb. 

So the result u O'M lb of watei at VC, and OVti lb of lee at O'C 


BS, lUsh Latent Ifeat of Water nie latent licat of water 
being high, the change fmm w.aicr lo ice or Jront ice to water it a xery 
slow process, and dunng the time the change tales fjl.icc, much heat 
is given out or absorbed, liad ihe Litent heat or water ticcn low, 
(fl) the water of the laid and powh would have frosen much sooner, 
^iLt cicstroying the lives of arju.stic acnmitt living therein f4) Ice* 
licrgi on the tnouniaun xtooltl have TOcltcrl very rapidly on rite of 
temperature, thus canting dstd-ttrout floods in the neighbouring 
countries, ‘ilic rise of temperature of a pUcc n del»)ccl by the 
presence of irc-hergt near it and *o the dimaic of the place it grc.illy 
influenced by form.ationi of ice-beigi tii the ncighlmiirhood. . 

S9. Ice-Calorinieler Tlie £«« that a ceriain cjiunrity of ice 
• meltirg alnap absorlrf CO calorics of beat for e.ich fpn. of it hat 
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oeen applied in the construction of ice-calorimctcrs for the determina- 
tion of specific heats. 

Black’s Ice-calorimeter. — In the simplest form of an ice-calori- 
meter as used by Black, a large block of ice is taken, a cavity is 
formed in it, and a slab of ice is taken to cover 
tlic cavity (Fig. 40). "nie solid (a? gms.) of 
which the specific heat (j) is required, is tveighed 
and heated to a constant tcnqjcrature 
in a steam-heater. On removing the slab, the 
tvater inside the cavity is soaked dry with a 
spo^e, and the solid is quickly dropped into the 
cavity and covered by the slab. The solid mclfs 
some ice into water until its temperature falls F'S- 40— Black’s 

to O’C. After a few rainutes, the water formed Icc-calorimeier. 

in the cavity is removed by a pipette and the mass determined 
(mgins.). 

Heat gained by ice in melting to water at 0®C. 

~mL, vvhere L is the latent heat of fusion of icc. Heat lost by 
the 8oIid=u.r.t 

mL=w.s.l. That is, £ = , 

The nicthod may abo be used to determine the sp. heat (s) of the 
solid, in which case the value ofL b to be assumed. 

Note. — ^Though in tlib metliod there is do loss of heat by tadiadon, 
still it is not a very accurate method, for 

(a) the water formed in the cavity cannot be completely taken 
out ; and 

(4) during the time taken for dropping the solid inside the cavity 
sofie. ice may melt by absorbing heat from die atmosphere. 

Esample. A. Hire of hot leater if paard iato a ink in a block of ice at O’C, lohich is 
immeJiauly closed by a lid of ice. Aftn e time lie ashole isfemd to contain a litre and a tnlf 
of ice~cold svoler. What was the origiaal temperatare of the water ? 

Let t‘C. be the original temperature. 

Mass of hot water«=mass of a litre or 1000 c.c. of walereilOOO gins. 

Mass of ice melted=mass of 500 c.c. water^aOO gms. 

Heat lost by water =1000 (1—0) cal. Heat ref|uired to melt I gm. of ice at O^C. 
to water at O'C. is 80 calories. 

Hence heat gained by icc=500 x80 cal- 1000t=500x80 ; or, f=4C'’C. 

90. Bunsen’s Ice-calorimeter ; — 1 gm. of ice at 0°C. in 
melting to water at 0°C. decreases in volume by about 0'09 c.c. Bunsen 
has utilbed this change of volume in the constniction of a very delicate 
calorimeter (Fig. 41). A thin-walled test tube B is fusetl into a 
wider tube A, which is attached to a bent tube C, as shotvn in the 
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fij^rc. Tlic oi5\rT tnd <>f tlic bent tube jt fitird \\5lh n coiV /> 
«I\rou 5 h wliidi parses a fine capIOan’ *“l>e T of Uiufunn bore h3\iiig 
n S^e S alonf; iU liorirontal p.irl. llic 
\»pj>tT patt of J >1 fiJIeil «ith pure a»nJ air- 
free distilfed water and the rest of A artl 
tile conununicaiin; tube C with mcrciir)-. 

Tlie apparatus is kept in a Inv, 
siirroiimlect as completely as pfssibfe with 
melting ice. A mieiurc of some solid 
carbon dioxide and oiiier is pl.ieed in It tn 
frerre some of the sv.itrr in A, ibrmliig a 
slumiU Ilf ice toimtl its losscr pan. Nwr 
some amount of water is introduced into B 
and the calorimeter it alloucil to stand for 
a long lime until the stiiole of it is at 0*C., 
Fie 41 — tiuiuen'i when the position of ilic mercury trenfacus 


volume, and ilie mcrairy ineniKus is futmd to mo\e touArdt P Ily 
knowing the area of cross-section to) of the capillary tiilie, the sperific 
heat I of the metal can be talculatcd as folhiws ~ 

When the metal lias cooled to OX', the Jieai lo«t by ii -» nut, 
eal. This Amount it sufTicient to melt mtt,L ^in> of ice, t>herc L is 
the latent iicat of fusion of irc 

Now, 1 Oi* ft of ICC Ijccxiiics I ce., it ojntracis in volume by 
0 09 C.C., when turned into water whose mats is I gm 

Now L calunea of heat will melt I gm. of icc into I gm. of water 
at (fC I I c will cause .a contract mn orOOn c c. 

Tor a cniilraction of 1 ec, tlic Amount of Iicac required 
*= oiw mercury meniscus lias mosed a distance, say, d cm. 

the decrease in the voluinr is iix^, and for this, the amount of heat 
necessaiy= "* cal. Tins amount has been supplied by tJic meul. 

, , a>dx/. ayd<L . . , . . 

(MB 

heat of fusion of lec can be dcterminetl liy tins methnd. 

Advantages and Disadvanfages.— TIic dnads.iiit-icc of tins 
method is that it is dihicuU to set up the app.aratui, hut it b aiKan- 
tageous for the fallnwing reasons (a) The lirmiu;efnfni ii tery 
sensitise ; {t) there is no loss offic.-it due tn rathaiion ; (e) no ealo- 
rimeter or themomeicr is jirccasary' ; (<0 the specific he.ii of a solid 
aradslb m a c'ly mall qiiaabtf can be determined by tbii mciluxl. 
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Examples. (7) Dilcrmir^ thi spedfie heat of aleer fram the following data : — 

JVeigfil of silver dropptd=0-92 gau ; Temperatau of sUeeT=‘SB’'C. 

Didance travelled by the mentny thead—S sat. , 

Area of eross-seetion of eapitlary late=l sq. mm. 

The ditnmuUan in voliuiic of the mercury thread=0 01 X0'6 = 0 006 c.c. 
Therefore, from the above retaiion, we have r >= 0 IB^0^x98 =0'059I. 

(2) 20 gns. of iMler at J5°C. an put iah the tube af a Bunsen's tee calorimeter and it 

is obsemed that the nurciery Iheod manes thrash 29 cms. ; 12 gms. of a metal at lOCPC. are 
then placed fn tiu vtater and the nienary thread rmms thieugk 12 cms. Find the speeife heal 
of the metal. [All. 1920) 

. The licat given out by 20 gms. of water at J5"C in cooling to 0°C.=20x I5»=300 
cal. This produces a movement of 20 COM. of the mercury thread. 

Heat reriuired far movement of I em-=^ eai. and for a movement 
of 12 cms.n cal. Tliit amount lias been supplied by the metal, 

wliichaalZXiOOX/, where s is thesp. lit. of the metal. 

12xlOOxi-55|^,nr, i=^L =o-I (approx.). 


(5) The diameter iff the eapiUaty tube af a Bunsen’s ice-eaUrimiler it Vi mm. On 
dropping into the irulnunenl a piece of metal whase letnperature ie IOO°C.«nd mass JVOSBgmi., 
the mirairy thread is 56«rt«f to maoe 10 cats. Calculate the specific heat of the metal ; given 
the latent heal and deaiity ^ int to be 80 and 09 reiptclioefy. [All, 1925) 


ns. ; hence (he volume of the mercury thread 
The volume of I gm. of iceeI/n‘9=TU fi.e. 
But the volume of 1 gm. of w.Hct=! n.e. The diminution in vnlumn when 
1 gm, of ice is mdted, U. changed into water=Tl I— 1=0-11 c.c. Hence to produce 
a diminution of 0-049# e.o., the mass of ice mclt«d=’^^gm. and tiie heat required 

_ , . 0-049# , 

fotthis= ^pYj-xSOcal. 


Mercury thread moves 10 ct 
-t:X(0'07)‘x 10 C.C.-0-049# c.c. 
Mass of 1 c.c. of ice=0-9 gm. . 


This is equal to 
.-. 1 1-083 X 100 X 


the heat pven out by the metal, which »= U'088X JuOxjcal. 
0-049# ^ . 0-049x22x80 

0-1! ^ ^'" 11-088X100x0-11x7“ 


91. Determination of the Latent Heat of Vaporisation of 
Water : — Take a clean and dry calorimeter (Fig. 42). and weigh it 
together with a stirrer made of liic s^e material (w gms.). After 
filling it with water up to about two-thirds, weigh it again tvhcnce tlic 
mass of water {m gms.) is obtained. The steady temp. (fi°C,) of the 
water is taken with a sensitive dicnnumelcr T inserted vertically. Boi 
some water in the boiler B, whose mouth is closed by cork through 
which a bent delivery tube A passes. _ Hie free end of tiic delivery 
tube is introduced into a sUam trap which is really a water-separator. 



41G 


iviTfci»M)i\T»; ntvstcs 


It is a uicic gtm tube open at both end> n«hieh are closed by stCAm- 
corLi. 'Ibc <lrli\ery tube 
extends x\ell Into die trap. 
the cork at the bottom, tiio liibn 
pail, one n drain»oir tutie C for 
remoxins: the collected water, and 
the otiicr it an exit, bcin^ a straiitbt 
tube D ending in a norzle wbicii 
dips into the water contained In die 
catorimcler. Tlic screen /’ pmiecis 
tlic caloriiticier from direct hc.itiiij,' 
by the boiler. 

nHitg the calorimeter under 
the exit' tube D such that the 
nozsie toes well into the water 
in it. After some time fake mray 
the nozzle quickly and note 
the liighett temperaiiir (<*C.) 
•att.xined by the water Remove the 
litennoniettT ami allow the caWi* 
meter and its contentt to rool \Ve«i;i» the calorimeter with iti 
conunu otjam 1 he diffcrrivtc beiwecn die b»i wo vicighingt p'wci 
the maw of steam coiidmsetj (.tf pms ) 

CalculatioD.— Let I. be die t.ntent beat of steam and t the spi 
heat of the material of tiic calorimecer, rhcit, 

hem hsi hj jieem in being eonietuei to wnttt at t*C 

1. ^lOO— t) calorics, assuming the temperature oftieam 
tobelOO'C anil, 

heat gamed hj the ralomtuter end lit eanUriU tn bnng raneJ fean t*.C. 

io I’C. 

(/— i,)- 

Aisiiniing heat lens equal lo lieai gam, 

.l/4,-*-,l/(JOO—/J «(«•.!. +«) (f-h)' 

Tliatii, /,= -{ino-0- 

Errors and PrecautloDs. — Ifsome part of the sleam is condensed 
Ijcforc eniering into the calorimeter, xlw xTihie of U will i>e low. 
^lle stcam*lmp it used in order lb.ai any cordensetl steam may not 
pass into the calorimeter. Moreover, due to sudden absorption of 
steam by the cold water in the calorimeter, if any water, from the 
ciilorimeirr is suckeii, back, il h arrested by the Steam-trap and not 
allowed to get into the boiler A As a i»rcc.aulion against eondenta. 
lion of the steam in passing along tlie oehvery iu!>e and tlie steam- 
trap, iofA (Ae delireij hiie eeid tAe sUam-ttep iKrjtd te (crffultj liigffd 
u-iiS rsn^grdae/irg mUriais like cotton-wool or asbcsios. 




CALORIMETRY 


417 


(2) To reduce the effect of radiation, the water in the calorimeter 
should be inidaily cooled a few d^ees below the room temperature 
and steam passed till the temperature rises through the same amount 
above the rooni temperature (cf. Rumlbrd’s method of compensation). 

(3) To protect the calorimeter from direct heating, a screen P is 
to be placed benveen the boiler and the calorimeter. 

(4) The temperature of the water in the calorimeter after mixture 
should not be allowed to increase by more than 15°C., oilierwisc much 
tvater (and therefore much heat}, will be lost by vaporisation. 

(5} If the issue of steam is too rapid, some svatcr may be lost by 
splasing. 

(6) The temperature of the steam should be determined in each 
case and cannot he taken as I00*C. without pressure correction. 

92. Joly’s Steam Calorimeter In 1886, Prof. Joly devised 
a very simple and accurate method of dctennixiing the specific heat 
of a sufastarci with a steam calorimeter by the condensation of 
steam on the substance. His apparatus ( Rg. 43 ) consists of a 
metal enclosure, A, called the steam chamber, into tvhich steam 
is supplied through a tube T near the cop, the exit tube K being placed 
at the bottom. From one arm of a balance a fine vertical wire 
passa through a small hole H into the steam chamber carrying a 
small pan P at the lower end. The body B 
^vhose specific heat is required ts placed on the ^ 

pan P and its mass M is determined by placing ^ 

^vcights on the other pan of the balance. The A 

temperature t of the body, that is, of the air in / \ 

the chamber, is taken after B is placed for some t‘~ \ 

time inside the chamber A. Then steam is admitted 

into the chamber which condenses on the c3e 

body and the pan. The mass m, of water con- *--• 

densed on the body and the pan is determined ii 

by placing weights on the oilier pan of the 

balance to counterpoise them. The final Steady A 

temperature of the chamber is taken after | / \ I T ' 

Steam is passed for sometime. Tlic body is | I n\ I 

now taken out and the enclosure is alloived to | 1 

cool down to room temperature when the pan tj* ■ 

is dried. Steam is again passed into tiic 

chamber when it condenses on the pan only, and “ ® 

the mass w- of the condensed steam is also 43_|oiy-5 

determined as before. Then the mass of steam Steam (jalonmetCT. 

condensed on the body only is 

Notv, if s be the specific heat of the bodv, the heat gained by 
it=ilfs(f[— 0- Heat lost by steam in condensation over the body 
= (m,— m,)/., L being the latent heat of steam. Then, we have, 

Afs(/i— f)=('"i—^2)A''vhencej= . 

*”i*i“*} 

Vol. 1—27 
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It is dear from the abovT expedment that the latent heat ©f 
?tcam L can also be (Ictcrmincd, if t, the specific licat of tlic body 
is known. 

Iti order that steam might not condense on the Jiupcntling vire 
lhe''vire is passed along the axis of a small spiral £ of a platinvisn 
svhich IS heated by passing an electric current tliroiigh it. 

When the sptnft hrat ^ a li^uT « requires!, it is cnc!o^ In a 
small rneta) sphere tmd tlic experiment it carried out as before. In 
iJiis case the maas of the sphere and the specific heal of the metal 
should be known for calculating tlic specific heat of the liquid 
contained in die sphere. 

Tor dctenriining tAe i^wyif ktat e/ a gat at constant volume Joly 
modified his calorimeter by suspending in the same steam cliamixr 
two Imliow copper spherm of equal sue from the opposite arms of 
the balance One of the spheres ssas filial with die gas, while the 
other was exhausted 'Ilse mass of ihe gas is found out from the 
sveighu placed on the upper pan on the other side and the mas 
of steam condensed due to the enclosed gas is obuined by the dilTcrenre 
in weights of the steam condensed on the two p.ans after tile 
temperature inside the chamber becomes con-tunt The calculation 
is miuie tvs before 

92(A} Esperimeotat Determination of C,, by Joly’a 
(lifTerentlal Steam Calorimeter The .apparatus us^ (I ig. 

IS simii.xr in coiuinietion to the joI>’s steam calorimeter described 
in Art.‘J2s\Uhlhe diCTerence tlut Itere 
the «hfrm.al capacity of the p.uis I’P 
or c.Mcl»»v.ateTS, .is tliry art callal, w 
eliminated by a difTereniial weighing 
method 

From the balance p.iivs, two 
pans or catch-waters f’/'are suspencleti 
in this apparatus in a (louble-w.-ilicci 
steam chamber A (to keep the sir.nii 
dry). There are r\n> heaung colb 
ft and ihe plaster of f’.sns co.icingt 
at the holes, Illl, in order to reduce 
coricicrLsation of itcam on llie 
suspension of lire pans. In addition, 
them are shields littetl abaiT /’/’ fu 
prtveat die filling of the condenretl 
svater from ihc roof of the iieam 
clrambrr on to ihe runs. 1 anti O 
indic.ilc ihe inlet and outlet for flic 
Steam in the steam ch.itnbcr A. Two holluir copper spheres, ct‘, 
of identical tire, wright and ihennal capacity arc taken on the juris, 

and counterpoise when no steam ts allowcti to enter the sieoni 
chanibcr A. Sow one of the spheres, a", is compiciel)- ci-aruatrd 
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and the other, a, is filled up with the experimental gas under high 
pressure. Again the balance is couateqx>ised. The difference in 
■iveights gives the tveight of the gas enclosed in the sphere, a. Let 
m be tills ivelglit expressed in gm. molecules wt. in gms. divided 
by the molecular weight). Now steam Is introduced in A through 
the inlet / and allowed to pass into it till the condensadon is complete. 
This condensation is evidently due partly to die thermal capacity of 
the spheres and partly to that of the gas contained in a. Let 6°C. 
and be the temperatures of the Steam chamber before the 

introduction of the steam and after the completion of condensa- 
tion respectively. These are recorded by a very delicate 
thermometer. When a steady value of is obtained, the rate 
of steam flow is sloived down and the balance is again counter- 
poised and die new change in sveight lo gras, is noted, which is 
evidently the weight of the excess steam condensed on a. This w is 
due to excess thermal capacity of a arising out of the enclosed gas. 

If C„ be the gin. molecular specific heat of the gas at constant 
volume, the heat required to raise the enclosed gas from 0iC. to 
SfC. is given by tf,) calorics. This heat has been given out 

by w gms. of steam during condensation. 

mC,(,9i—0i)=wL where L is the latent heat of steam. 

In determining C, by the above method con^ions are to be intro- 
duced for: (i) the expansion of the sphere a due to rise of temperature 
and increase of internal pressure ; here as the volume changes, some 
external work is done in expanding to this volume ; (ii) the unequal 
thermal capacities of tlic spheres ; (j 7«) the increased buoyancy of the 
sphere due to the increase in volume at the higher temperature. In 
addition, a further correction arises due to the fact that the ^veight 
of excess condensed steam on c is taken in a moving medium (steam). 
So uj in steam must be reduced to its corresponding value in vacuum. 

92 (B). Determination of Cp by Rcgnault’s method : — The 
principle of Rcgnault’s apparatus for determining the specific heat of 



Tig. 43(B) 

a gas at constant pressure is given in Fig. 43(B). 
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S3. Josrpli Black (1728 — 17S9) : — An IriOi sclcrtist. lie 
was bom at Bordeaux and had spent hie cltildhooxl in Trance, lie 
gmcliiatetl froni the Gl.esfjou' linisYteily (intl \xas mvartlcii die 
doctnniie of Mediant Ibr Ins rcsearclies on llic pli^sinlogieal c/Tccis 
of quklc-lime -and caustic poush on the liiun.nn body. He joinctl 
this university in 1736 as I'rofcssor of Aiulyticnl Chemistry. Here 
Ilia name spre.sd wide as .an eminent le.adicr. James Watt, D.ivid 
Ifiime and Ad.nn Smith were tlic result of hi* iitspir.ition- His 
outsuindiiis research work rebates to the absorption ofencrjry durmtt 
eJiarse of state. The term ‘Uitnlktaf « due to lum, and he nicasiircd 
the latent heat of fusion ofke by ineam of n c.ilorimeter, which Itears 
hb r.tnie In 17C0 he joined tne Edinburgh University as rrofenor 
of Chemistry where he served till he died in I7W. 
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the platinum loses and if the tempcfsitiirc of tbc tvater rises to 30®C., deictmine 
the temperature of the furnace. (Sp. ht. of platiniim=0'031.) (C. U. 1936} 

[Afis. 7703'’C.] 

10. 'JTie calorific value of coke is 13,000 Briitsh Thermal Units per pfaund. 
Find the minimum amount of coke which would have to be burnt in order to heat 
30 gallons of water from 60“P. to ISfFf for use In a baih. (i gallon of water 
weighs 10 Ibs.l. 

[rlar. 21/13 !bs.] 

11. If 90 grams of mercury at 100^ be mixed with 100 grains of water 

at 20'’C., and if the resulting temperature be 22*C., what is ihe specific heat of 
mercury? (C. U. 1925) 

[riar. 0'02a5.] 

12. 10 gms. of common salt at 91*C having been immersed in 125 gmj. of 

oil of turpentine {sp. Itt. 0'428) at 13"C., the temperature of the mixture is 
I6°U, I supposing no loss or gam of heat from svithout, find the specific heat 
of common salt. Can you do this CHJcriment with wafer instead of tur- 
pentine ? (C. U. 1938) 

[dw. 0'214.] 

13. The temiMraturcs of three dilTerent liquids j4, B, and C are WC., 2VC., 

and 34°C. respectively. On mixing equal masses of A and B, tlie temperature of 
the mixture is 3I°C Supposing equal iruLSscs of A and C were mixed, what would 
be the temperature of the mixture ? « (Fat. 1933} 

[Am, 29‘6‘C. nearly.} 

14. A copper calorimeter weighing lOgms. ts filled first with svater tvhese weight 
is 7‘3 gnu,, and then with another liquid whose weight is 8'7 gms. ; the times taken 
in both eases to eoo! from 40*C- to 35*C. arc 85 and 75 seconds respectively. 
Talcing the specific heat of copper to be 0’095, calculate (lie specific lieat of 
the liquid. 

[dw. 0'7275.3 

15. A calorimeter whose water equivalent Js ID gms, is filled with 50 gms. of 

water at 80°U„ and the time taken lor the letnperarure to fall to 75°C, is 4 minutes. 
When filled with another liquid, the weight being 40 gms. the time taken for the 
same fall is 130 seconds. Find the sp. I^t of the liquid. (U. F. B. 1947) 

[Am. 0-562S,l 

IS. A ealorimecer, whose tvaicr equivalent is 5 gms. is filled with 25 gnu. of 
water. It takes 4 minutes to cool from 25°C. to I7°C. When the same calurimetcr 
is filled with 30 gms. of liquid it takes 180 sees, to cool through the same range. 
Calculate ihc sp. Eeal cf the liquid. (R. U. 1953) 

[Am. 0-50,] 

17. Supposing you svere given a Ibermometer reading only from SO'C. to lOD^C, 

and 50me water of m hicli the tciiii ersuute was be'owr 20"C, describe an experiment 
si owing hrw, without using another thennomctir, you Csuld determ’ne roughly 
the tcmperatiu-e of the water. (C. U- 1953) 

[Hints. — Take some w.aler in another vosel whose mass is a little greater than 
'that of the quantity given. Boil this water ; mix the two, and note the resultant 
temperature l°C. by the given thermonietcr which will be a little over 50"C. Let 
m be the mass of cold water, 0 its l eiu p eta ture, and m' the mass of hot water ; then 
we have, m'(100— ff)- Hence calculate #.] 

18. Describe hosv tltc specific beat of a liquid is determined by the method 

of cooling. (U. P.B. 1947 ; R. U. 1949) 

19. Account for the difference between the specific beat of a gas a! constant 
volume and that at constant pressure ; and find the difference between them. 

(AU. 1931 ; «/. 1944, '46 ; R. U. 1951) 

20. Distinguish between specific heat of a gas at constant pressure and that 
at constant volume. 

21. How would you show that the spetdfic heat at constant pressure is greater 

than the specific heat at constant volume ? (R. U. 1948) 
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22. Deduce iIjc rcLitlm i>tine the lyriiboh Iijvr tJieir usiul 

•'giulieanec. (R. U. Ii*13 S .M. P C IS»J 

. 2}._ “IViicr h:u * iiigfier apctiGc bc^i Ilian any other liiiuiJ nr lolid." Hew 
ihii ficl alTeci («] delefminjlion cf (emperafure by a wairr (hermomrter orer 
riiija fur v, Inch iH me u jirrrimiblr. and (») (be cliinale of iitinji and i-Ucn on 
Ui«»ea-eouif (rjl. IS3II 

3t T>ie Ijleiii heat of water u 60 calonn. I!y what number will the tatcni 
heal be repmenied il Ihc pound ii laben aa (he unit of nan and the Irmperaiurn 
we jnrj^urrti on d.e riljenbeti leate ? ^l*al. I'JiJ) 

(. 1 - 0 . !«( 

25 5% hat la meant by the atateirwril (liat the latent heat ct Btrairt u 556 2 15*hat 

nonbei ><nU rtptcamt the lain>t heat i( the unii of mau u a pc-und and temretatutet 
arc lOeaaufcd on tine Fahrenheit acalc ’ (I'al. IDH) 

[X-U w a.] 

2<>. On what faettjT do« the Uttst heat of a luUlance depend ? U the ealarw 
Iw defined u the (Quantity of Iv^u required to raite the letrperaiure of one pouril 
rif water through one decree Parhmheii, what would be Jic talue of die Ulrrt l-eal 
rif tajioriiauon of water ut mb ealorio, tfrta valiae itt ilic gfamnie-eetiiigrade 

(.fv. Value oflatenl hral in unoi a« (Irtinrd-SOOx {> lOH J 

27> Explain ihe meaning of “birni heat” (C. U l!>C0, '13, ’17 ; PaL I9l6f 

23. Find the rault of miunc 2 Iba. ofiee at 4 C w.th 3 Hi. of warrr at 4i‘C. 

(G, V. 1931) 


riUntt.— Tlie amoit-M of beat pten out by 3 (In of water lU dS'G. in cuoliei 
toO^b •■dxiS — 135poundwJegfee-<- l>ett>uniu , and CUriichheafunioarenecrjta^ 
tonrii 1 lb of ice so the amount ufiec enelirdby ihia nuaniiiy orheaiw>|VHl'b9lb> 
Ihe reiuJi u (3-bl C9) or itO Ho uf water at (I C and i2-i Uty »r 031 Ib 

tee at 0 C ] 

29 Dry ice at O'C a dropped into a tow<f can at 100 C , the weight a! ll-r 
on tvinc CO aramrtiei ami the tpevilie beat of copper 0 I. How murh ice would 

rniute the icmperalutt uf the can lo WC t (1.5 U> I021J 

(list. 3 jTama-) 

S3 What would be the bnal temperature of th« miature when S gmi ef k* 
*l-10'C arc Iiiicd up wuh 22 gim of water at 3U C ? Ihetp In.urtCCiiOi 

{Xai TCi (C. U. 192G , G L’.WI? 

SI Some lec u plated <n a glaai reaiel held cner a ipUM-laiTip and itsclu 
to wiser at dC in 2 minutes, liw lotta will « tibc (a) lirfiitc « itarf.er Ibe 
lioiling point , («l bcibre <( u all Unled awa). asiuminc Uirre u nO cicape U 
bell ? 

(dt. (4) 21 min. , (3> (21 +131 Imm] 


32. A ball of copper of raaa 30 gm*. wai beaird 
an iee.eaIoiim*trr. In eooline down ii molted iullicirti 
<d ire. If the Ijceai beat oi Iuuoq of ice u K9. wIij 
copper f 


100 C. ami pbcnl tn 
eat (0 melt itru 
1 die iprcific heat « 
(Uic. 13SJ> 


l-ltr. o wn J 

33. Hipljin bow the ipeciAc leal i/ a aoM may be defermined by ivcri .d 
the icr-caWimeter. (C V mi.'Vh ; Yil. VH3/ 

31. Dombe Ounien'i >ce<<aIorUDeier. Explaia iii u»e in defermininj i. " 
specdic heat of a suUunee Hhat are Ibe merio «d the cinhcd^ 

31. A spherical iron ball u placed on a large tdoc^ of dry lec at tTC into wUeh 
it unki iinld lu!f lubmerit-d Vlliat wai ibc leraprratart oC tJ.« trot ’ 
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(Density of iron=7-7 gna./c-c- ; deiwty of ice=0'92 gms./c.c. ; sp. heat of 
-iron=012 ; latent heat o( luaon of ice=80 calorits per gm.) 
lAni. 39'8°C. neglecting heat lost by radiation.] 

36. If a gramme of ice at O^C. contracts by 0'09I c.c., calculate the sp. 
heat of the substance when 40 gms. at btf’C. dropped into an icc-calorimetcr 
•cause a change in volume of 0-273 eac. (latcia heat of fusion of icc=U0 
cals,/gm.) (Rajputana, 1948) 

[J,«. 0-1] 


37. A substance was heated to lOCPC. and 0-8 gtn. of it U dropped into 

a Bunsen's ice-calorimeter, due to which the thread oi mercury in the capillary 
tube of I sq. mm. section moved through a distance of l>-9 mm. Calculate the 
specific heat of the substance feiven that 1 gm. of water on freezing expands by 
U-091 C.C.). {if. Nagpur, 1952) 

[/Int. Q07S3.] 

38. Describe any method of determining the latent heat of steam in the 
laborntor}'. State the precautions that should be taken. 

(C. U. 1931 ; AH. 1918 ; Pat, 1935, '49 j Dsc. 1921) 

39. A copper vessel, weighing 190 gms., conoiniog 339 gnu. of water at 
0°C, and 50 gras, of ice at U°C. Find the quantity oi steam, at lOO’C., that 
must be passed into the vessel to raise its temperature and that of its contents to 10°C. 

(Pat. 1949) 

Sp. heat of coppcr=0'l ; Z (s(eam}‘«537 cals./gn). ; Z (ice)=D0 cals,/gm, 

[Alls, 12'27 gms.] 

40. Into a calorimeter containing 175 gms. of water and some ke, steam of ' 

mass 10 gnu. and temp. lOO^C., is passed. The temperature of the contents rises 
to 10°C. If the water equivalent of the calorimclcr h 5 gttu., cnlcuUle the mess 
of icc initially present. (Given latent heat of watera>8U cals./gm. ; latent heat 
of steama>540 cals./gm.). (Andhra, 1952) 

[Ans. 50 gms.] 

41. A copper ball 56-32 gms. in weight and at IS°C. is exposed to a stream of 

dry steam at l()0°C What weight of sicosn will condense on die ball bclbrc the 
-Temperacurc of the bell is raisM to 100^ ? (Sp. he. of copper^O'OSS ; Latent 
heat of scenmE>S36 cals.). (Dac, 1928) 

[dw. 0-S3gm,] 

42. Alcohol boils at 78"C, its latent bc^oT evaporation b 202 cals./gm. and 

■its mean sp. heat when liquid is 0-65.y Qhiculatc tlic least quantity of water 
at 1Q°C. needed to condense 100 cunr of alcohol vapour at 78''C. into liquid 
•at IS'C (Utkal 1954) 

[Ans. 4359 gms-] ' ■■ 


43, A copper 
•at SO'C. A bunser 
the vessel. Ncglec 
to boiling point ai 
-heat Qfsicain=540 


vessel of tvater equivalent 60 gms. contains 600 gnu. of water 
I burner, adjusted to supply 100 calories per second is used to heat 
ting all losses, calculate (s) the time required to raise the water 
id (5) tlie time required to boil away 50 gms. of -water (latent 
cals.) (G. U. 1952) 


[Ans. (a) 7 mins. 42 sees. ; (5) 12 mins. 12 secs.] 

44. Describe Joly's Steam Calorimeter. How will you use the instrument 
find the specific heat of a gas at constant volume ? 


P^agpur, 1950 ; Rajputana, 1945, '49 ; U. P. B. 1952) 


45. Describe, tvith necessary theory, bow the specific heat of a gas at constant 
[pressure is determined by Rcgnault's method. 



CllAITER VI 

CIIANGE OF STATE 

91. Fustoa and SolidlCntion ; — When a subM.itice cinrgex 
from the solid to the hqwid state, the process is Lnosvn .as fution^ mtl 
nlicn it chances from tiic liquid to the solid state the process h calini 
JrecziriS or scliJi/tcation. 

95. Melting Point For es'cry substance there is a p.iriiailar 
temperature .at svliich it clunRCS from the solid to the liquid suite 
at a Riven lupcnnciimbcni pressure. Tbit fwnl tcmpcraiitre is 
known .ns the f>aint of the solid. It rmamj eonstanl ihnt'jhui 

(At prafw of mdtin;, i e, the temperature remains constant until live 
wliok of live Solid is melted, if tlie pressure on »t remains consunt, 
alilvouch heat « applied all the time. The tcmperaUire svIH me 
only alier the last panicle nf the solid h.as mclteil. The rtr/tie? 
is oiirerent for difTcrent subilances and for each substance it 
varies sriien the superincumbent pressure varies. 

Similarly, dunnt; die process of sohddlcatiun at constant pressure, 
temperature reinains conMant until she whole of the liquid is lolidifinl, 
alihou^l) heat it wiihdraun all tlie lime. Ihe temperature vill 
begin to hill only when the kvt drop of (he liquid has wlidiried. Tliii 
fixed ■empcraiurc li called ilic /retuntfiomt or the tohdi/ieation Umptraluft- 
of that particular liquid .and is diirereiit for dilTerent hqiiids and 
slightly ch.anges with pressure. It it the s.ime as the melting point 
of the substance, 

Tlic normal melting point tf a subilanet ti a drfniU Irw/rraJarr 
ai u-hicb li mills ei soltdijies at a pinsure ej one olnmsphni 

If the cooling process be contimied very slowly and whhnm 
disturbance, then many liqwwls r.nn be eooW below their normal 
solidification tcmyKraiure. fhi* pfenowtnon is known as 
cooling, or S'jpnfitnBn or sw fusion and (he liquid in this coruiilion 
ia c.nlled a supercooled liquid. Tlib condition it not suiUc, far if 
the liquid is disturbed, or a particle of the substance in the solid form 
dropped into tlie hquid, solidification at once Ivegins and the 
temperature quickly rises to iJicsolidifiealion point. Tlic phenomenon 
is a delicate one and is (xnsiblc only if (he liquid it absolutely pure 
and free from any ijspentlrd Airrign snaitcr. 

The amount ctC heat given up by a sulstance in solidification h 
equal to the latent heal of fusion- In the case of water, every gram 
of it must give out BO caloric before lohdificatson lakes place at 
O’C., and for (his reason waicr doc* not frecee at onec I'hcn e^ietl 
down to O'C. Conversely, every gram of ice must absorb CO caVints- 
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at O’C. before fusion takes j^ce. For other substances the value 
of the latent heat is much smaller. So water can be called a store- 
house of heat. For example, 1 cu. ft. rf water weighs S2'5 lbs. which 
in freezing, gives up 62'5x80=5000 C.H.U. of heat, which, again, 
can raise 50 lbs. of water from the fieezing point to the boiling point 
(50x100=5000). 

96. Viscous State ; — Some substances, solid at ordinary tem- 
peratures such as iron, glass, pitch, was, etc. have got no definite 
melting point. They gradually chai^ from the solid to the liquid 
state passing through a plastic or viscous state intermediate between 
solid and liquid. This state may extend over a considerable range of 
temperature depending on tlic nature of the substance. Again, some 
substances, liquid at ordinary temperature, such as glycerine, acetic 
acid, and also some other organic acids and oils, pass tiirough the 
intermediate vhcour state in changing from the liquid to the solid 
state. Such liquids have no fixed soUdificadon temperatures. 

97. Sublimatioa : — Some substances, such as camphor, iodine, 
arsenic, sulphur, etc. charge directly from the solid to the gaseous 
state trithout passing through the intermediate liquid state. They 
arc called volatile substanees, and such chanw of state is knotvn as 
sublimation. Ice and snow also sublime slowly even when below 
the freezing point. 

98. Change of Volume in fusion and Solidification t— Most 
substances increase in volume by fusion, but a few substances, such 
as ice, cast iron, antimony, bismuth, brass, etc. contract on melting 
and expand on solidification. In the first case, the solid sinks in 
the resulting liquid while in the other, die solid floats on the 
corresponding liquid. A lump of cast iron floats on the liquid metal 
just as ice floats on u'ater, and it is for this reason that these metals 
can be used for shaiq) castings, since on solidifyii^ they must expand 
and fill up every nook and canity of die mould. 

Ithas already been stated in Art. 271, Part I, that on freezing, the 
volume of ivater increases by about 9 per cent, i.e. 1 1 c.c. of water 
at becomes 12 c.c. of ice at the same temperature, and so ico 
floats on water with {i of its volume below the surface of water and 
^ above it. Thus, the volume of water formed by the melting of 
ice is less by .jtjth of the volume of ice. 

A great force is exerted by the expansion of water on freezing, 
which sometimes may cause great trouble. It docs a good deal of 
damage by bursting tvater pipes in cold weather and by the splitting 
of rocks and soils, etc. On the other hand, the effect would have 
been still more disastrous if irater wmild contract on freezing, as in 
that case ice formed would have been heavier and so would sink to 
the bottom of lakes or ponds, and soon the whole mass of water 

1 



■123 ivn.Kvi ni\Ti. ritv^ics 

Mtjiilti transform into n solid block of ice, anc! lints all ai|iiaiic 
animals uoulil uittmatelv* {ictidi (n>l/ also Art. II), 

A^Jn, iec is a poor eondtictor ofticaL Ira cold countrirs, \%hcn 
the stirf.ice of any l.aVc or pond b Fru^cn into icc, the ice presents 
llic flosv of heat from the water bclotv lo the space nlirn-c which It 
at a temperature lusier Ilian ffC. St» however se\crc the cold may 
be, water cnnriol firerc Iselose a certain depth. Cven in regions 
near the North Tolc, the tliiekncss of Ice fonneil on the ocean re.tchrs 
only about 4 or S meirea, and this iMckncss ch-tn^es by only n metre 
OP two dtintit; the count of a year. 

On the other Viand, ire oisee formed, melii only slowly by the 
sun’s ra)l winch must supply the I.atenI hr.st ret(uirrtl for nieftins;. If 
any Latent heat tif fusion were not nccesvtry for the mcliin-’ of irr, 
ice and snow would rncll seiy rapidly and distil’fiu Jlicir ti'tulj 
rmll. 

In summer water formetl at the swrttce of tee beint; heavier »5nVs 
dowTi and .t fresh suffice of ice is edways exposed to the sun which 
helps in meUtne more. Thus the eap.sf>voi> of water on snlidirication 
sers’es two purposes it pres-enu aecumubtion of much tee in winter 
and aLvi helps the mcliuii; of ice in sununrr. 

99. Determination of the Melting Point of a Substance 

Two methfxis are ^iven below fur die dctetniinauon of the tnelima 
I>oIn( of .a solid like ii.iphtb.aline (ivlucli cspaiuls uii iiirhirig' .iiicj 
contracts on solidify in;>. 

(i) Cooling Curve Method. —Tins nrihixl is used when an 
apprecwble rjujniity of the siilwi.ince n asail.thlc. Put the iiibiwncc 
in » test lube and melt it by hcsiimc m a water t>ath I’l.ire .i lhcmK>- 
meter in the liquefied Sulutancr, take the tulie out of the balli. dry its 
ouiside, surrcMind it by a large sesset in pmtret it from .iir currents, 
and l.nic rcadirijs at intcnals of one minute us the coolin,' pnirrcdi. 
The reading will rcntxin comiam dunin; the proca-s of 5olidi(ii.,taon 
after which it will fall Take tcmperaiure reatiintp until, loineume 
after, sohdification is olyscrved to be complete. 

Now. plotting a graph viitli time and temperature, a part of the 
cur\c will lie seen to be parallel to the umc-atis, 'nie trrnperaiufe 
crirtcspijiiditu' tri this Part is the tnrliiiie point of the substance, .tnd 
ng. 41 is die gcdeml fiintt of the crxding curve for a pure single 
chemical substance lUc utp'ulialme- 'nic pan which is pirsllcl 
to the time axis shows no vanaiion <if tcmper.iture wiih iini? anf 
it cotmjwsnds to a purely liquid sure, and the purtion lielow tins 
represent! the solid sLstc of UiC substance. 

(NJJ. If the substance ss heaictl .and a hc-.iiinij curve (limc- 
temperatiire curve) is ploiictl m a wmdar way as alxnc. the gr.iph 
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^vi|] rise fint and then a part of the curve will remain parallel to the 
time-axis, and then it will rise 
again. The horizontal parts of 
the cooling curve and the 
heating curve will be almost 
coincident if the substance is a 
pure single substance.] 

In the melting point curve 
of a substance which is a 
mixlure of different substances, 
such as paraffin wax, or any 
fat, solidification takes place 
over a range of temperature, 
and there is no definite inching 
point. (The melting point 
curves for a mixture of sub- 
stances have several horizontal 
steps corresponding to the 
molting points of the different constituents.) Tor substances like 
glass, soaring wax, etc. there is no abrupt change from the solid to the 
liquid BtaCc and they remain plastic over a range of temperature 
between the solid and the liquid sute. As glass remains plastic over 
a wide range of temperature, so it can be svoAed and raoulacd. After 
taking a sharp bend, as in Fig. 44, the slope of the curve in these 
cases changes continuously and docs not become horizontal, that is 
the thermometer-readings do not remain constant for several minutes. 

(«) Capillary Tube Method. — This method is used when 

._i.. II of the substance Is available. Heat a piece of 

glass delivery tubing in a blowpipe flame and 
qiuckly draw it out, when soft, to form a 
capillary tubing of about ^ mm. diameter and 
with very tliln walls. Take about lO cms. of this 
tube -4. Melt some naphthaline, suppose, in 
a dish and suck up alwut4 cms. length ofit into 
the capillary tube. Now, seal off the lower end of 
the tube, and attach it by a thin band to the 
bulb of a mercury thermometer T, which is 
mounted so that the bulb and the tube dip into 
a beaker of water with the top of tiie substance 
just below the water surface (Fig. 45). Now 
carefully heat the water stirring it all the time. 
After some time, the opaque solid will change 
to a transparent liquid on melting ; note this 
temperature. Now remove the burner and 
allow the liquid to cool, stirring the water all the time ; note the 
teniperaturc when naphthaline becomes opaque, t.e. it solidifies. 



Fig. 45 — Capillary Tube 



Fig. 44— Coaling Curve. 


t%-TT*tMrDSXTt r»YM(S 


•}30 

The rneat* of ihec xvso Ki'rt »hc tneh'm^ p<imi of the 

SiitrtJ.toCC. Repeal lliii rMpetiment two or three limes *o as to get a 
vtr>’ good result. 

Note.— Generali^’ tiic temperature at sshieh a solid melts is the 
_s.tme as that at which tlic torresprindin-^ (iqiild frerres. Iliii Cir 
certain fats liLe tultrr, (his is not the ci«c. tVr etantpic, taUfr inelis 
.It alxjut 33'C., hut it soIicliHcs at ahoui 20'C. 

100. Melting Fei&ta of Altoy* S — la die case of aht>j-j, the 
melting points arc usu-tlly lower than those of the cumtiiucnts, aiid it 
ts for tiia reason that ‘llux* is added to a stihsiance siiiJi a hi;h 
titeliing point in order to make it melt at .n tosser fenipemiiirc. 

Tlicre .ve other allo)S like Woosl'a metal, siluVIi Js .an alloy of 
tin, le.sd, cadmium and bisimitli, having a melting jxilnt of CO’y^C, : 
and Rose’s metal— an alloy vt tin, lead, and humulh. — luviiig a 
melting point or&l’ 5 'C. Tliese ailop arc re.adily ftisihic and so iliry 
hnd man) applic.siioiis in niir sl.iily lifr 'Ilicy are used in ml.'rr.atie 
tfrinllirt jer tuilijin’s, so ilwi svlien a fire lire.aks out, n plug, made 
of one of these allost and mseried m a water pipe, rnelis and (!ii» 
llie water rushes run from ilie in.sms. I'lMiiile plugs are also used [n 
closing fire proof dours .auiutnaiiralK in the rsrni of a Hre, .andyuje 
iix etecincal rirciuit are atui made of these 

lOli Effect of Pressure oa the melting Point : ' Hie melting 
points of siilriiJiTues like ue, iron. ei< whiih centratl on inrliing, 
are lowered, and she melimg puiiiis <il those such at p.trafhn, etc. 
which txfianJ on inellmg ate reuerf Ij) uicre.ase of prrsuirt. ’1110 
melting ptiinf of ice at Of. is lowrrni l»y .dmut fur an 

jiicfea.se of prcMiirc of ore .timospliere. Paratlin was, ssliieh espandt 
on melting, melts at atxiui 3 l'C' at a pressure ufunc aimt.it{>liere. .snd 
it ssill tncii .at .a higher trmprraiiirc if the pre:uiire he mcrr.vtcd 

I'tom a simple cansidcratioo sie would also c«i>ect die ul)«i\c f.icls. 
For, m the c.ase of ice. any increase of pressure tends to diminish its 
NoluiTie and slius it helps tlw process s>t meilmg atatl so the tneltsng 
point will he lowered under iiicicascil preasure. In the case of parainii, 
which expands on tnching, any sncrcase of ptewure winch icmls to 
<liminuli the volume, will oppose the process of melting and so the 
melting point in this case will 1* mric.ascd under a merrased pmaiirr 

ncBelatton TIic fact iJiat by exerting pressure the melting point 

of ice can Iw lowered, may be shown by pressing two pieces of iee 
agaltxsl eacli oilier and tlieit releasing the pressure, sihru it »'iH be 
found that the two pieces are froren into one. Such plienonimon of 
niching by prcsiutc and rcfrccring oti withdrawal of pressure is known 
as rr’tiai.oa (!._ r«, again • xrlerr, fjeeie/. Tlie pressure lowers llie 
naeiwrsg point, anti so water is (orsn«l at the nirCice of cnniact- On 
removal of the pressure, the melting point rises , water freezes again, 
and thus the two pieces arc joined metier, procvletl the icmpefatute 
of the ice U not below CTC'., In which ease die pressure apphetl by 
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t]ie hands will not be sufficient to reduce tlie melting pohit below 
tlie actual temperature of the ice and so the pieces of ice will 
not be joined together. It has been found that a pressure of about 
1000 atmospheres will be necessary to melt ice when the air 
temperature is — 7'6°C. 

The phenomenon of rcgelatlon is demonstrated by the following 
experiments ; — ■ 

(I) Bottomley’s Expt. — A large 
block of ice rests at its two ends on two 
supports (Fig. 46). A turn of a thin 
metallic wire with a heavy tvdght- 
attached is placed round it. In about 
half an hour the wife cuts its way right 
through the block of ice bat the block of 
ice remains as one piece. The pressure 
•of the tvirc causes the ice under it to 
melt and the -wire passes through the 
water fonned, which being relieved of 
the pressure then freezes into ice again. 

It is to be noted that the ice melting 
beneath the wire requires heat for 
melting and the water above the wire 
gives out heat at the time of freezing, Kg. 46— Doitomlcy's Expt. 
which is conducted through the svirc to 

help the ice below in melting. So the above process is helped if a 
metallic tvire is used, for a metal is a good conductor of heat. Hence 
a twins is not suitable in this case and a copper wire will work more 
quickly than a steel wire. 

Experiments have proved that if the block 
be in an ice-house where the temperature is 
below 0®C., the wire cannot cut tluough the 
block ; the temperature of the surrounding air 
must be above 0“C. 

(2) Mousson’s Apparatus. — The lowering 
of the melting point of icc by increased pressure 
can also be shown by means of the apparatus 
shown in Fig. 47, which is known as 
Mousson’s Apparatus. 

Expt. — The apparatus consists of an iron 
cylinder AB closed at one end with a strong 
screw plunger P. The cylinder is partly filled 
^vith water which is then frozen by keeping it 
Fig. 47 — MouEson’s inside a mixture of icc and Salt. A small metal 

Apparatus. q jg placed on the top of tlie icc in the 

cylinder wliich is then closed by the screw plunger. The whole is 
then surrounded by icc and the pressure is increased by driving the 
scrctv plunger in. On opening the cylinder at the bottom, the metal 
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IOC. (a) Evaporation and EbulKiIon (or BollJng) 
Evaporation. — n sliallotv dith ctKitMiiliii; viaicr Iw Irfi in 
a ruoiii, tlic y.ilfr t«ill gr.niliwlly diMnpcar. Such gr.iclti.il cli-itigc 
from the- lifjuid to the ga'cniis stale itnich I.iVn pine rinirtly fnnn 
tlic stirlarc of ilie lifiuicl ami goes on .it all tcmpcr-iliirts tt liicnt ii .u 
cr.i/crBfwt!. 

TJiat 1', efep^ratton u lit grtfi/ua/ imd /four ^ a ftom 

th' ijftrii to Du ro/oirr stall uhth taKu pfa-.t of iht S'jt/jce »/ tSf tijvli 
at nil UmpnsluTis, 

FaCCOra governing Evaporation.— 

(0 r/c Irm^rrafuK tf tht lupnd : The higher tlic Icrnpemlurr, 
the falter ii the frirmation of v.ijHiur. 

\n) Thi r.aluri tj lA# Itjuxf : A qiianitly of ether o5!l tln.ippcar 
fa'ter tli.in the sane qEiantiiy of uaicr iimler ihc s.ine cwiiljiinn, i.r. 
a l«iuiU hasing a lotv «ei(in; /N»mc will lie esajxiratetl tjwickly. 

(i(») Th ttfutal ef air errt the lujvvt wfatt r 'Hie rnie of 
esapccfltion mwaies hy tenewing ate o\er the liquid siitfaee llial 
it \%h\ wet linen dries up mote quickly on a windy d.i) ihnn nn n 
calm da). 

(tp) The priiivit pf the air llic Iris the prcuiirc of nir on the 
liquid , lilt greater w the r.itc of e\ aiioratiun. So t\ic rate of ei ajicr.i* 
non It rn.iMinuin in laciium Evaporation in vacuum it atet! in 
ehemical works for preparmg extraett front solutiout 

(b) The area cf the eifvieil swjate - lUc greater the .irc.i of the 
surface of a liquid expwd to the nhr. die greater n the eN-ajxir.tlun. 
So hoc tea is taken tn a flat ditli to get it cooled qmekly 

(rH The pressure ej respour iw irrlA the li'piid 'Hir r.itc 

of eiiporation becomes slmier. if Uiere ii vapour of the liquid in 
contact. Tliat n «li> evaporation is quicker in dry than in mwn 
•lir. Wet lircii and muddy roadt dry up more qturkly in the winter 
than in th- rainy seawmi 

(h) Boiling. — If .1 ItqiiHl If cnntinuouily hc.ttcd under a giirii 
superincumbent presiiire, vapour ii given olT at l!ic initial si.mn front 
the surf.tce of the liquid hut finally » stage comes when the v.ifMinu- 
lion taVrt place thmugliout the mass of the liquid in a r.ipid and 
Vigorous way. TJiis sl.tgr j» railed flic toilinf at the liquid 'fJ c 
Inibblcs of the vaptrtit always wigtnatc »i the heated suifav e 

At long Hi the boiling l.ilo placci the tempcraiurc of a liquid 
rem.iini ronttant if the supcrinrainbetit prrtsurc does not chanicc. 
TliU constant temperature, whieh is different for different lirjiiiili, 
is called the boiling p^ot of a liquid eonespondmg to the 
sii[>crincum!>rnt pressure. If the supenreiinilieni pressure ts ore 
aimosphcic the temperatiisc of hotUng is eallctl tlic norswal boiling 
point of a liquid and is ordinarily designatnl as iu Icilinj 
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Factors governing Boiling Point.— 

(i) Boiling point increases or decreases according as the super- 
incumbent pressure on the liquid increases or decreases. 

(ii) The presence of any dissolved impurity increase.^ the boiling 
point. So the boiling point of a solution is always greater than that 
of the pure solvent. 

{Hi} The boiling point depends, though to a small e-Ktcnt, on the 
material of the boiler, its rot^hness and the degree of cleanness of 
its inner surface. 

(c) Distinction between Evaporation and Boiling. — The 
difference bettveen evaporation and boiling (ebullition) is that the 
former takes place at the surface of the liquid at all lemperalures, whereas 
the latter takes place throaghoul the mass of the liquid at a particular 
Semperalure dtpending on the stiperincambent pressure. Moreover, the 
former is a slow process while the latter is a rapid one. 

107. Cold caused by Evaporation i— Evaporation produces 
tooling. When the evaporation of a liquid takes place, the tempera- 
ture of the liquid falls, because the latent heat necessary for vaporisa- 
tion is supplied by the liquid itself and so it goes down in temperature. 
_ii. This is the reason of the cooling effect of the wind on moist 
skin, or of the wind coming iluough Utos-khas screens’ in summer 
months. One gram of water, say, at I5*C., -ivould require about 
.536 calories to change it into vapour at that temperature. . At these 
fates, heat is absorbed from the skin, or khas-khas tvhen evaporation 
.takes place. The wind accelerates the rate of evaporation. 

The cooling effect will be rapid if a few drops of ctherTOt Sicohol 
are placed on the skin instead of water, fiecause, the I'ate of 
evaporation of these liquids at the room temperature is very japid. 

The bulb of a thermomcicr vrrapped with a piece of ihuslin will 
sho^v a rapid fall in temperature, when a few-drops of .ether are 
poured over the muslin. 

(1) A porous pot beeps water cooler than a non-porous 

pot. — .... 

In hot countries, water is put into earthen vessels which are 
porous. The ^vatcr which oozes out of the pores are evaporated and 
thus the water inside is kept cool. Water in this case tvill be much 
cooler than the crater kept in a glass or metallic vessel of equal size, 
because, in the first case, the evaporation takes place all over the 
vessel, while in the other case, it takes place only from the surface of 
water at the mouth of tlic vesseL 

(2) The watering of the streets in summer not only settles down 
the suspended dust but produces a cooling effect by evaporation. 

(3) In drinking hot nulk or tea, it is generally poured in a 
•shallow saucer before drinking, in order to expose a large surface of 
the liquid to the air so that evaporation can take place more rapidly. 



43C 


ivTTsurmvTr mimics 


(4) Ii\ samnntr, are seen lo hanc «>Ht llieir in nnlcr 

If) (Tspfse a Surface in nir for rvanciraticin that lhc> rnak fiilcy ilic 
rorjiinij cfTcci cau'tnl by it. 

(5) llie rcavin of imaf; a fan in siinimrr ii lo jtirrra\c the rale 
Ilf ri'apfiratinn of tlic pen]>Iraii<>n coininij out of llie prirn of oiir sltn. 
fJciicrally, ilie vapour formed out of the ponpiracioii elomb over iKc 
ikin due If) \\hicK the rate of etaporaiKici Ixconm slim, iitii when a 
fin uf«l, i!ie \\uwl pinducfi! I»y the fan reiaovrs ihe lasers of 
vapour and this renewal of the air in mntact with the skin mrrr.tves 
the Ttite of evaiioruifm. This causes ifreaicr 3l)s<ir])tkm of heat from 
■ he skin due in vihUh cold is produced. 

108. Experiments on Ahsorptlon of Heat by Evaporation : 
— Tlic absorption of heat, aiKl d«e consequent nrixKictton of cooling, 
liy an o'ap'iraiint liquid, mav l>e tlxmn 1^' r"llf>MSni: rsfvriinrnit. 
vsUerc it v.iU be seen that it is possible even ti> frrerr a liijuii! by tbe 
Joss of hc.nt c.suscd by its imvm csaporaixjii 

(1) A few tirvpt of water are pl.tced on .n block of wood anil a 
ihiii copper calorimeier cnnuinint; x>me ether n placet! on die water, 
'Die ether is now nude to cv.snoraic r.tpxlly by blowitu; air ibrnnt'h 
5t by foot betlow-s. llie ether »n rapidly esaporanni! takes beat from 
the water, under ilie l>eaker, stlneb will uHirnatrly frer/e, and the 
Iseaker will lie fixed to ibe wooil by a laser of ice forrtinl lieiweer 
ihent 


(Z) M’oUaston’s Cryophorus.— Tins app.srattiS illuitr.tlei the 
above prjreiple of coolmg by cvaporaiinn Ii enmitta of a Ixni k1s« 
tulie having a bulb at each end cont.ainine a little 
A water and ssater vapour only, hut Ilf) Air fVIl the 
water is tramlrrred to the bulb and ihe bulb A 
I) siirroiimJfil by n fieermi; nwvturr trig tit) fhe 
vapour in A CDmJcnses . the presjiire inside f.illi 
and more water evaporates from F. the w.'tier in 
whiib IS Kiudually cuulcd and ulliinately ifi-iy (>c 
y fnizcn into ice. 

li' A s)i.vlliiiv metal iIlsIi rrintaining a hlile 


Fit If. ir,c waierandanoihcrdislicontaininq iimm; siilptuirir 
Cr><ip}-)fu. acid arc placed under the receiver of .in air-pninp 

On evliautting, the prcsiure uisidc bulls, tbc water of the dish rapidly 
evaporates, and the vapour fortnefl is alwibed b) the vulplmnc and 
and thus the pressure insiilc is always kepi low So the water 
ctmiinues lo evaporate rapidiy. whereby the intiperaiurc f>f ibr water 
falls and ultimately a thin layer of ice furins on the surf.wc «■! the 
w-3irr Tins ii known .vs Leslie** Experiment. 

109. Refristevatlorv V— ft ll t^« 1 -lfrs.r r/ erlifndPr fr7irlat’ii‘f, 
os m.-lcs'.rt cl a tlmtti (orjtatl ItrftrA'un ir.uch hurr ihji nf Fr 


Bl’n'iiphnr. 

At tttwperatutrs alxwe 50“f“. bacteria multiply at an lorreaiinrly 
rapid rate. Ti>>«l articles such as fi*h, ene.si, fioiait', rstes, fruifi, etc. 
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for tliis reason go bad in hot weather. If kept within a cool hold they 
keep well for a long time. Many medical products such as vaccines, 
injcctihlcs, etc. also behave amilarly. In&ct, the scope of refrigeration 
is very wide ranging from the small domestic refrigerator in which a 
temperature of 40° to 45°F. is aimed at, to cargo vessels in which 
refrigerated holds arc maintained many degrees below the melting 
point of ice for the transport offirozen meat. It also covers ice-making 
plants. Some ice-.macliines produce even several hundred tons of 
ice per day. Ice-plants form an indispensable equipment for the 
fishing fleets ; the refrigeration of the catch is no less important than 
act of catching, for such fleets report to the shore sometimes a few 
days after. The word “commercial refrigeration’ is ordinarily used to 
indicate in general the technique of preservation of goods at low 
temperatures. Commcrica! refrigeration is already an important trade 
in the United States of America, U.K., and some other advanced 
countries of Europe. It is so bound to grow in this country, especially 
because outs is a tropical country. A rcfr^crator, besides being used 
for cold storage purposes as stated above, is also used for industrial 
purposes. A refrigerating device form-s the most important part of 
a Summer Air-conditioning plane with which modern Public 
Halls such as Lecture HalU, Theatres, Picture Houses, Hospitals, 
etc, arc fitted, or of Air-conditioners used in Research Laboratories, 
Spinning rooms in Textile Mills, Rubber Factories, etc. 

In the act of refrigeration the principle which is commonly utilised 
is that of cooling a liquid by rapid evaporation. The liquid which 
produces cold by evaporation is called the refrigerant. A refrigerant 
ahould have a high latent heat of vaporisation, and a low boiling point, 
besides other secondary qualities. Some common refrigerants are — 
ammonia, sulphur-dioxide, carbon-dioxide, methyl chloride, ethyl 
chloride, Freon (CCljFj), etc. Freon, for various considerations, is 
rightly regarded as an ideal refrigerant. 

In a refrigerator the hold 5s maintained at a lower temperature 
than that of the surrounding atmosphere- This means that, to start 
with, heat has to be removed from the given enclosure to the hotter 
surroundings at such a rate that the temperature falls to the desired 
value and at this temperature heat is to be continuously transferred 
from it at a rate at which it will enter from outside such that the 
temperature of the enclosure may remain constant. The act of such 
removal requires the expenditure of some energy. Two distinct 
types of refrigerators have come into existence which differ from each 
other in respect of the nature of supply of the eneigy. 

(1) The Eiectrolnx Refrigerator (or the Absorption type 
refrigerator). — In it the working energy is supplied in the form of 
heat energy by burning a fuel such as coal gas, kerosene, etc. 

(2) Frigidaire type or the Compression type. — In it tiie 
working enctgy is supplied in the form of inccliaiiical energy by a 



^10 iVTiRurniATT rii^>ic( 

W incrc.isrtl nnd ilirre wilt l»e further tleprciiii'tt of ihc ncTciif) 
column. 

On coniintiin^ llih prorrsv .*1 H.tw iviU he reachc<i when Iherc 
<vi!I l>e no more cwtpor.ntioii and so llie«: will Ixr no further depression 
cf the mcTTur) eohtnin At tint «.s«;e if a liillc h'fiuid Iwr intrtKhictt!, 
it Soil collect .01 a thin Liver on llir vurf4cc t'f mcrriir>. 'niit jIiomi 
lliat a conriiird space has a limiteti cafwiniv to hold .1 vnipour 
.at a Risen lenipemture. I.ei the lop of the mereiif)- st.md nt C at 
lliit siatre, when the drprrvnon of llie mcrcurv coliimn ii pre.iitti 
\Vhen the deprevion of the merc<>r> cotumri m Rrc.iint, the cnrirRCtl 
space aliove the mcrci»r> top C u laiJ tn hr faiumud uiM the 
pr It tn\d to he Jiil! cf laturoud Hence in .•» clo»ed tpicc if .1 

vapour ts in conuct with id li<pii(). it is a vpihle indication litat the 
space it s.itur.iied with ilie vapour. Bcfiire tliii siace, the »p.vc 
it uitalaraled, or ii full vfu'-satatatfdtaf^ur. hince n<> furtiierdcpmiton 
of the niereiirv eoliiinn necuis after the vapiuir licroines i.ituT.-itril, 
It « eiident ili.ii the vapour in «ln« conditinri everti the metimum 
/'raiutf posjihle el ihei lerrf^eiarf, i.t the ta/nre/icfl f'tesnn if ihi rreirimum 
f-emwi ff e t8P"»» at a ftnm irmj-rtetuK 

In tiie alKne e>«p<riineni the dilTerence m iientltt >>eiueen llie 
inili.il level H atitl the final level C (when the mercury cniunm in the 
Itilic }■ i» depressed myin Rim .i measure of the satiiraiinii pressure 
of the v.npoiir at the tempemufe of ihe cij'er.iiieni. 

Thus. « mass ej ts satd it he saturated at a fi.-m lemferalure 

trehri Iht pesnrt ti exnts ts the mamrum /or it el ihal tert/yralure and iSis 
r^atimum hteuvte ii l•aUrrf the Saluralttn i'e^ur l‘ietnrr lA' 1' /* ) (jf the 
lijutd of lhai ttT^f^n'ute : Ihr tepour ts satd to be unsoiaroltd uhrn the /rmorr 
il II nnlirt it feis than the lelvrelion raposir peesiure of Ih ligind si that 
lemperalisTt, 


111. diangr of Volume at Conitant Temperature C— 

(a) Unsaturaled Vapour.— Take two Simple baromccen, each 
alKiut .V metre lont» standins; in lire Mftie tmu^ii f of mercury and 
then proceed .ii in the law article to find the saruraii’m taprur ^esime 
of water at the room lemperaiure Note the dilTcrenrc of (cvrl«, 
fiC (Fir. 5Ii I ;( wtiicli represents tlic S V P of water so determinetl. 

Neit remove the eapeiimcnial tiilie. trfil it with ttirrciJty .ind 
iiRain invert ii into the same tmugli when it vwll lie read) for a 
ftcvlv set tif wlwriviVwwvv l.« Fi^. tcptc«ent the 

when the vecond ici r>r<ib<enaiioni u taken IniriMhicc tivu to three 
drops of water into the IiiIk* anti olttrrve llie depre^non of ilie mernirv 
column at Ihe v»ater evaporates, llie vapiiir fomtfil h. In all 
proh.vfiility. iinviiiirated, "lo lie completri} sure, ni'e the tii1>c some 
w.ov III! in tliii vtay a mast of umaturatrd vapour At llie room 
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temperature is formed and enclosed above the mci'cury-top in the 
experimental tube. Note the volume /Rl fRi 

of the vapotir and tlic difference in B I 

level between the mercury-tops in ^U' i 1^' 

the two limbs, which gives the I I 

corresponding pressure of the vapour. 11 H Bi 

Gradually raise the experimental B I ' I 

lube (taking care that the lower end I L r N 

of the tube remains under mercury) I - | — — - C| 

and note that as the volume of the ' H I 
enclosed vapour is thus increased, I I 

the mercury column in that tube also i B / 

increases in height, showing that the 3 I /P/ 

pressure of the vapour decreases. I | / / 

At this stage note the volume, and lb I I [L 

the pressure which is given by the Hufl I fl 

dlHcrcnce between the mercury-tops iSSH IBl 

in the ns'o limbs. Mark that the B I 

product of the pressure and volume v fl I V 

at each stage is approximately 
constant. 

Next push the tube gradually dj pig, 51 (2) 

into the trough when the volume 

of the vapnnr will be decreased. Note that as the volume is decreased, 
the height of the mercury column in that tube also decreases, showing 
that the pressure of the vapour corrcspondit^ly increases. Tills goes 
on until the enclosed space is so diminished, as shown in Fig. 51 ( 2 ), 
that a thin layer of water deposits on the surface C, of tlic mercury, 
which indicates that the space is no longer unsatutaied, but is saiuratcd 
with water vapour at that lempcrarure. The difference AiC^ of 
the mercury levels in the two tubes at this stage wiU be the same 
as SC determined in the first part of the experiment. Any further 
depression of the tube does not tend to depress the mercury coulnrn 
any more ; that is, the pressure attained has reached a maximum 
value and any further decrease in volume instead of increasing tlie 
pressure will gradually condense the vapour into liquid. Almost 
up to this stage, i.e. up to wlicn saturation is reached, the product of 
pressure and volume will be constant, and equal to that when the 
volume was increased in the previous part of the experiment. The 
product ^vill also be constant, if any other liquid instead of water is 
taken in tlic experiment. 

Hence at constant temperature tlte product of pressure and 
volume of any unsaturated vapour is approximately a constant. That 
is, unsaturated vapour obeys Boyle’s law approximately. 


(b) Saturated Vapour. — Take the same apparatus as in Fig. .51 
(2) and proceed as in the last part of the last article when gradually 
pushing the experimental tube into the trough a stage 'vill finally 
be reached such that a thin layer of the liquid deposits on the dean 
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lo siati opett 5, afl«l ami itradiiallj raise ihe open tulie 

A‘6' 111! ihe infrenrj in .1/1 rj’cs almsc Si Tliis is how Ihc air in AS 
is <!rivni nut Choc ,V, -incl lower AT« tinlil flic mcreiir^-lop in Jll 
rrccclcs well lirlnw so at lo leave .i siiitaWc v.-icnous snare unilrrA, 
Tlie difTerriirc m lescl hfiwmi »lie ricrrurytops in Ml and AO now 
irhcs ilic Inrumcini Ixitfhi a« il»e time of experiment. 

( love s, .nnl iher» open aiKl (xnir some li<|tiid, say- watrr, 
mm i)ie fuiiiifl /’ 'ihen fhwr ami ofien S, wlien ilir waicr 
lieiwrrii s, .nul whirli i' a im.ill qiianiity of vraier, nins tlmm 
mtn ihr s.u.iinus spjcc itelow and (^is yapoiinsed imnicdi.ilrl). 
M.irV tJiat ihcie n a deprc-«sif>n of llie niereiiry Irstl in *1//. Thu 
'1 <hr U (hf firjiurr of Ihf lafto-tr Joimed. hi all prulixhilay, llir 
rjnlu'.rd space tn .liJ w iins.>Hiraicd. To be fully sure of it IncfT-a'c 
ilie Nolume of «liii sp.ife by' lowering die arm KC tome way down 
when die merenn-iop in JH also will sink down. I’lX the lul* 
fi<> ami note the mercniy lextl »« Ati and ihat in A'C. llie 
diHwiHC between them vmU s«av be Ic** than b.srpmetric height 
iilwervcd iilreaiK 'Hie deheit K'ses the pressure of the \ii\S.attirated 
vaptmr at the vylunie u now «Hvopies m .1/7 

Next p.is< sie.tni iiiio the oaiei bull and raise its temperature 
to a definiie tahie l>v recnht'mv <1’« sie.int .Mari iliai die mercury 
eulutnn in 1/1 i;»ies down R.iisc hO nd the mercury Icsel In 
.1/1 tjrei lip and reaelio di« initwl position Thu ts neeessary’ 
order that ihe s.ap'iur may oecupy the same xtiJume while the 
irmpeTatiiff is ih.snt;eO After the sohitne i» thus restored to the 
ocmitiat saUie I'md the thlTerciwe tn the ntfrcviry Ics-el* in .1/7 and 
SO. Olwerse tliat tlie difTxteiice m levels has decreased. Tliis 
shoMi ilui the presMire of the vajtoue has increased due to nw in 
leniijerauire < oiiiimie the alsosc nperaitons, mwins the hath to 
};r.soii.-iIIt hicher .nnd hicher temt*eratiires it uiit bt feund thal tht 
iMfAie f/ ('reiiurr wilh irjrralr of Ifmfrraltirt at rorutgnl tolume Jiltoirf 
Ih/ frdnrt fau- ‘An 5(1) irbiti if a ftrni oj Charin' ta:r Tlir experiment 
may Ijr rcpcoinl for fenipei.tinres lower ih.in ihe room temperature 
III adtlini; ue to ihe w.aier Italli. when it will .also lie found that die 
pressure decreases wiih rlrrreav of icmpeTainre (volume remaining 
coiisi.-irit) arcorthnif to tlie ».sn>c pressure law as nriietl already. 'Hiit 
rethiaion rtf pressure with detTcase of temperature procecris till at 
.1 teeiam lernperaturr the tapour Isecoinea Saturated s»hcn it will 
Wain to deposit at s>airr After tins siafie the pressure fjllt very 
sptickls, Winr, always rmial to the satiiraiiun \apour prrssttic r)f the 
h'juul .at the correspondini; lemperatwre 

TTwis tawvalsxr^led vapoUV CKa.ele«* lavt. 

IH. Dlftinctlon beiMreen Saturated and Uoraturaled 
Vapour 

tl) 5Vhen a spKc cnnrains the maximiim amount «>f sapouf 
ii can possibly hold ai .n Riven trTi«[>cra»urr. it is said in l>e saiursiol 
VMlii the vapour and slie prrwsire exeneii l>> she vapour then is ihe 
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maximum pressure at that temperature, called the saturation vapour 
pressure. In a closed space, when a vapour is in contact with its 
liquid, it is a visible indication that the space is saturated. 

A space is unsaturated at a given temperature if the maximum 
amount of vapour is not present in the space, i.e. if further liquid 
is introduced into the space it is evaporated. In a closed space a 
vapour is in all probability unsaturat^, unless it is in contact svitli 

(2) If the temperature of saturated vapour in contact with its 
own liquid is increased, more liquid evaporates and consequently the 
pressure increases till the maximum |Kessure at the raised temperature 
is attained, i.e. the pressure attained is alwaj'S the saturated vapour 
pressure at the higher temperature. On decrease of temperature, 
condensation of the vapour takes place at such a rate that the residual 
vapour at each lower temperature saturates the space at that 
temperature. The changes of saturation vapour pressure due to 
changes of temperature do not, however, follow Charles’ law. 

In case of unsaturated vapour, the increase of pressure due to 
increase of temperature takes place approximately according to 
Charles’ law. On decrease of temperature, the pressure decreases 
according to the same law up to a stage, but finally at a certain 
temperature the space may be saturat^ with the vapour, and on 
further lowering of the temperature, more and mote vapour condenses 
out, the pressure being maintained at the saturation vapour pressure 
corresponding to the lower temperaiurc. Thus saturated vapour 
does not obty Charles' law but unsaluraled eapouf does, though 
approximately. 

(3) Keeping the temperature constant, if the volume of satu^ted 
vapour, in presence of its oivn liquid, be increased, more vapour 
svill be formed, and if diminished, some will be condensed but the 
pressure will ahvays remain constant corresponding to the temperature 
{vide Art. 1 1 1 ) at which the experiment b done. 

If no liquid be present when tlic volume is increased, the vapour 
becomes unsaturated and the changes of pressure and volume will 
take place according to Boyle’s law. Thus saturated vapour does not 
ob^ Boyle’s law while unsalaraled vapour does. 

The cases of saturated and unsaturated vapours can be compared 
to tlic solution of a soluble solid, e.g. sugar in water. AVhen the 
solution contains the maximum amount of sugar possible at that 
temperature, it b called a saturated solution like the ‘solution’ of the 
maximum amount of water vajjour in air. If the sugar solution is 
cooled, some sugar crystallises out ; so also if air saturated with water 
vapour is cooled, part of the water vapour condenses out. Again, by 
increasing the temperature of the sugar solution, more sugar can be 
dissolved, and similarly, the svarmcr the air tlic more water vapour 
will it hold in suspension. 
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the pressure due to saturated water vapour in presence of air at 
atmospheric pressure at the room temperature. 

Next, to determine the saturation vapour pressure of water at the 
same temperature, when the vapour is produced in vacuum, open both 
and S2 and ^adually raise KG until the mercury in AB exceeds 
the level Close S^. Then proceed as in Art. 110, to find out 
the saturation vapour pressure of water, when the water vapour is 
produced in vacuum. 

If the experiment is corrcdiy done, it will be found that the 
pressure of vapour in vacuum is the same as that found in the first 
experiment, even thoimh the volume of the vapour in the second 
experiment may be difterent from that in the first experiment. 

This shows that the saturation vapour pressure of water at the 
room temperature is independent of the volume of the air, as 
also of the presence of air, and depends only on the temperature. 
If any other liquid is taken or the ^ taken is other than air, or any 
other constant temperature be tiscd, the experiment reveals the same 
truth. 

If, in the firet experiment, the volume of the gaseous mixture in 
AB when saturated with water vapour, be increased or decreased 
(from the initial volume of the enclosed air) by lowering or raising 
the tube KG, the total pressure will be different. But if the alteration , 
of pressure due to the change in volume of the air, as may be found 
from a Boyle’s law experiment with the same mass of air enclosed, be 
taken into account, the prc&surc due to the vapour alone remains. the 
same if it is saturated. If, however, the space is unsaturated at 
every stage, the change of pressure with change of volume of the 
mixture will follosv Boyle’s law. 

Using the above apparatus as a Boyle’s law tube, temperature 
being maintained constant at the room temperature or any other 
definite temperature, draw a P-V graph with air as the enclosed gas. 
Similarly, drasv another P-V graph with a small quantity of water 
vapour (unsaturated) alone in the vacuum space of the tube AB. 
Next introduce the same quantity of water into the same volume of 
air at atmospheric pressure within the enclosed space above the 
mercury in AB and repeat a similar experiment as above and obtain 
a P-V graph for the gaseous mixture (unsaturated). Find that for 
the same volume, if the pressures obtained from the first two graphs 
be added it becomes equal to the pressure of the gaseous mixture 
at the same volume. 

The above verifies Dalton’s second law for saturated or unsaturated 
vapours. 

Examples. (?) A certain tapearif a Uqml mixed up urilh air is ccniained 

in a vessel of corutartl volume. T/ie prtssiae shown at 20^ is 80 ems. pf mercury and al dO^’C. 
it is 100 ems. Given that al 2(r’C. the a^ma presssae of timid is 15 ems. calculate the same 
at iO’C. 

At 20’C. the total pressure i» 80 ems., bot that due to the vapour being 15 ems., 
we have from Dalton’s law, 
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ssure, at CPC., w 
438-64 
273+100’ • 


116. Critical Temperature : Gas and Vapour : Permanent 
gases 

Critical Temperature. — There is Jar eoery substance in the gaseous 
state a certain temperature such that if the suistaiuce be below this temperature, 
it can be liquefied by the application of a suitable pressure, and if above this 
temperature, it cannot be liquefied, l^eeer great the pressure applied may 
be. This temperature for a substance is called its critical temperature. 

The pressure which will liquefy the substance at the critical 
temperature is called its critical pressure. 

Dr. Andretvs found the critical temperature for carbon dioxide 
to be 31’1'C., and its critical pressure nearly 73 atmospheres. So 
above this temperature carbon dioxide is not liquefiable. 

Gas and Vapour.-;— There is no hard-and-fast line of diflcrcnco 
between these two terms ; one is often used u» denote also tlic other. 
Strictly speaking, however, the term gas should be used to denote a 
substance in the gaseous state when the temperature is above its critical 
temperature j tvhereas, the term vapour should bo used when the 
same is at any temperature below its critical terr^rature. 

Commonly, however, the term vapour is u-sed in a restricted sensei' 
It is used for substances in the gaseous state which at ordinary 
temperatures do not require any very large pressure to liquefy them,- 
e.g. ether vapour, etc, ; for, a pressure of about iialf an atmosphere is 
sufficient to liquefy ether vapour at 12* to 15’C. 

Permanent Gases. — ^Al temperatures of freezing mixture, cerlain 
substances in the gaseous state, like amiiiunia, sulphur dioxide, 
chlorine, etc. can be liquefied with moderate pressures. Faraday in 
1823 succeeded thus in liquefying many ordinary substances in the 
gaseous state, but found that substances like hydrogcji, oxygen, 
nitrogen, air, etc. could not be liquefied in that way. So he called 
this cl.ass of gases, permanent gases. Somesubsequent experimenters 
also similarly failed to liquefy these gases at temperatures of freezing 
mixtures by applying enormous pressures too. The reason for such 
failures at liquefaction was pointed out in 1863 by Dr. Andrews as a 
result of his celebrated experiments on carbon dio.xjde. He asserted 
that the temperature of the substance must be brought below the 
critical temperature before any pressures, could liquefy it. It is now 
knotvn that the critical temperatures of the so-called permanent gases 
are extremely low. This explains why Faraday failed to liquefy tlicm. 
All known gases have already been liquefied and so the term permanent 
gases has no meaning -to-day excepting its historical interest. 

Vol. 1—29 




117. Bolling by Biimplni; AVitcn tvnJer W hr.TiPil in n Rinsi 
vesid, biibbla »s>ll .nppc.v in iW Iwdy of »he vc«^el mJ Jhey rbe lo 
tlie »UTf:ic« whl) incr«ue of i«npen*»UT«. Iliwe nfc ai»-'>iibbSr» 
dtuoKc<l in wnwr. Afscf n <im«, buW>!<» of iifum foruw^i a» dt« 
lx)tloni of (Ii« scsmI ^thite ruins nimve low.irds liic cnii'er I'tym, 
call.%pie cJiie to cond«nution. '!!*•< proJura a prciithr ‘iingini;’ 
snumi. On furttier rise of irmperatnrr. i>ie sttam>bubbles rite 
vijofoujly lo Ihe surfiee and bwlin^ bogins. 

If fare waicr, has l»oen pm’iQuiIy tuiilnl to drive aHaji 

diuolvw Air, be lieai«i In a olean 'wel, tnibblei hiII not i« formeu 
for some time and ilie temperature uil] rite abo\e (he Ujiling point. 
Tbu phenomenon w cahed the *uperh»»ilne of the ml Hien 
Suddenly larsc bubbles v»»U be formed v>hieh v»iU biiw r«Tih viitli 
CKploiive violence and tliCTe it a tendency fir the whole linmd to be 
thrown out 'Ilic temperature of the liquicl now comes down to its 
normal boiling point. TTmi ptienomejMiii it called boiling by 
bumplog. 

Bumping m.iy Ijc prrvcntnl by introducing son)'* roiigli rnaterialt, 
say, a few fragineiits of glatt or porceljan, into the licjuid, at the 
presence of the crevicct wiH HicJitatc lnwling. 

lie. CendJilon fnr Boilinc S — ir if’rf’iraiurr 
e! ihe preisure ef ilf rapfur ir r^ve/ » lie t:ip'ri-wu''ih/ni pee’ifr, 

i e the /rriturr tj U-h:cfl Ihe rerjut vj M# hpirJ U erpiui 

Cstpt*. — (I) A barometer tulic T it filler! with inerciiry and 
inverted over a trough /J of mercury (!’•?- i»!)' II'C ■'d'" »» corn- 
p'etefy surrcninded with a jaciet <» lhri)tij;li viliir/i »ie.im c.sn l< 
p-itted. Introtliice some water into the tub- by ine.int of a Ix-nl 
pipette, and gradiialJy p.ats strain into iliejsciei. Ai ihr irnip»ra- 
Sure nies, more and more water empour u fonnctl at the top of the 
mercury column, whicil depresses the mercury cotiiiTm u-ml. if thcic 
be suflleient JiquiJ present, llie niCTcury miide iJic iuIjc o at ilic 
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same level as that in the trough. This means that the pressure of 
the waicr vapour at the teinpcraturc of the steam, t.^. at the boiling 
point, is the same as the outside pressure, which is the atmospheric 
pressure ; or, in o her words, water {or «wji other liquid) b}ils cl a 
tejnperature whtu its vapour pressure is e^ual to the pressure on the surface 
of the liquid. 



rig. 54 Tig. S5 


Ckjn'sulting the table of vapour pressures of water, it will be seen 
that the maximum pressure of water vapour at lOO'C. is 760 mms. ; 
so water boils at lOO^C. when the wternal pressure is 760 mms. ; 
similarly, water boils at 90“C. when tlic external pressure is 525 5 

(2) Take a bent tube AB closed at B, as shown is Fig. 55. The 
small arm contains only some well-boiled water below which is 
mercury M which also partly rises in the longer arm. The level of 
mercury in the longer arm is below that in the otiier. Now introduce 
the tube into a flask containing some water such that the tube is 
above the surface of water in dje flask. Boil tlic water and allow 
the steam, which surrounds the lower part of the tube, to escape 
througl) an exit tube. In a short time it will be found that the 
mercury assumes the same level in the two arms, showing that the 
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RvaxSmHm vajwnr pmsvitt at the iMulini' point w er]ii.il t.i the 
atmatplifric prr^urr. 

119. Bolliag; Point depeixl* on the Presiure rrnm the 
exporinienti nirc.tily described it follnw dutl tMf hcilim f^iit cfa iifni 
U'lil ckar.if, ikt ptiuvu It u huh the tut/uct t'f ihf Itipih! tf ik infi-/. 

TIiuj u.nter will imil at a IcmpetaUirc !iii*her dun lOOC., 
if the atmo<phcric pre^urc h higher 
tii.tn 700 mint, and tiniiltrl), it i^ill 
at a l<>v.cr lemjWTsmTe if the 
prruiire it Itmrreti. So, on the inp of 
a hit'll mountain, u.ttrr uiil IkiiI at a 
Irniper.-iiurc lottrr tlian lOO'C 

(I) Boiling under Urdncrd 
Pr««ur*.— TliH It demoit'tratnl by 
the fotI«>^^tnl; r-iperimeint ’ — 

(a) FranMin'a Cspl. — llnii $<>nie 
water ti> a ttnui^ datV until all 

the aif e^jx-lleii .Now rrintnc ilie 
burner, and imcn it after it it tightly 
rorked il'ig "tO The sp.ne .ilinte 

the tiiffuc of u.uer cont.im' t.iiiiraleil 
w.tier \.t|>i.ur IVlien iKiiliiig ce.ites, 
p-.ur t-ime e.ild waiet uti die il.vi.. 
n»»t rtindffiv^ vMive vapour uvMiIe 
ihe fla'k and thus rediieet die pretMirc 
over the turfatc of water , .iiul to the 
water .-ivain T h»»»lw"'»t ih.it IkhIuu; ri nosvhlr at .i lemper.iture 
l>«Iow 10(1 C. Ii^ retlucmR the prr..Mre *>u ilie liqiml 

(b) The same rrtiilt tan pr«Klucrd i»v pl.acing a liralrr 
cnnt.-iiniui' some Ixnliiii;: water in the receiver of an air pump On 
iiiiirpiiiR out vinie air (.-vv Me>ii at lniilini' ic.wcv , the water will aijJin 
Le fovtncl to lie lioilmi: 

{2} VariatSen of Bolling Point vdlh Pr»»»ur*.-- A liquid e.tu 
l)c Iwilcd at liilTerent Icinperalwrrt b>' <hanginif the prrtiurr 'if air 
above the uirface of die hqunl The arranttenieni h vlumn ifi I'l!; 57. 
nir litimd It placed in a boiler .1 whicli iv eonnerted wiili a l.ir.;e 
air-f«CT\<nr It through a luebii;** condeuter C The rrvervxnr /f it 
ennnertecl wiili a merniry manometer .1/ .and an air pump Tlic 
liquid it heateil until it IkIiI* under a gum prrvinre. and the twllui!' 
pemt is read by meant of n tcn'ttive tlierrtwvmeiet r. tUc bulb <if wlikli 
It pl.-ire<l in the Vapour, onA »r» the liquid. The leawin fur tint is 
iliat Iiquidt mmetimet m.a> lioit irrrgularl> such that the lemjieraiure 
may ri*e te\-eral decreet alwive the true ImiiIitic point. Ilie condeiiver 
(«indeti<ei the vap<mr ami rettorr^ it luck tn the Iculcf .1. Ilie 
roerswir // cunt.siriinc air it iurrouttderJ 1^ tvaier lo keep in tempera- 
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ture constant. T]ie pressure in £ is adjusted to a definite value by 
connecting it with a cocnpres»on or exhaust pump as is required for 
increasing or reducing lire presurc. Take the reading of the thermo- 
meter rvhen it becomes stationary after boiling commences, and record 



the manometer reading at the same time. When the liquid boils the 
pressure of its vapour is equal to the superincumbent pressure whicli 
is indicated by the manometer M. By alteriitg the pressure to a new 
value, a new boiling temperature is obtained. 

By this means Regnault determined saturation pressures of water 
vapour up to 230°C, the pressure at the last temperature being 27i- 
atmospheres, and he used this method for determining vapour 
pressures of tvatcr bettveen 50“C. and 2S0®C. 

On the top of a mountain the pressure is less than that at sea- 
level ; so the boiling point of water there is less than 100°C. For 
example, water boils at 93'6®C. at Darjeeling, which is about 7,200 ft. 
above the sca-Ievel ; and at Quito (in S. America), the highest city in 
the world (9,520 ft. above the sea-level), the normal height of the 
barometer is 52-3 cms. and tvatcr boils at 90^C. At the top of Mont 
Blanc (15,78i ft.) water boils at 

It has been found that the boilii^ point of water decreases by 
1°C. for every 960 ft. increase in elevation above sea-level, or in other 
^vo^ds, for a Tcduclion of pressure of 26‘8 mms. the boiling point falls 
by rC. 

119. (a) Papin’s Digester : — The cookit^ power of boiling ^vate^ 
depends upon the temperature at which it boils ; hence on the lop 
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ofa very liiijli moimt-iin it ii irnpoHibtc to cook food in an 05>en vw'ct. 
Blit, by Increasing tlic jiiwiirc, water can be maJe to boil at 
any filvjlie-r teniperaturc, So Ibr cooUitij fowl on the top of a Ntry 
bigli mottniniii n speeiaily elosrtl vesrel prtn4tl«l w'iih A wfety t'slve 
is tisctl, the pressure t\ii)iin which can Ire rabcfl to ab'iut 760 mmi. 
Thh spcaal contritance Is named Paf'in's D'n^tsltr, OrtiinArily, by 
eiosing a pot s^itli a hd ilie difficnliy of cooking etc. can lie solfcd to 
some cxient. 

Bfii/iflf undtt inntAstd /rejmrf is useful for tlie manuraetarc of 
oitificiAl silk ; for die prepamlion of pulp (used in paper-making) by 
boiling wood with caustic soda etc. 

/leitin* utJet dMiniihd ptetiure alto Itas tu tises. Tor instance, 
in the preparation of cnntlenscd nulk, much of the water of the milk 
is dristn off at a lot» temperature in onler to krtp the fxxl value of 
the milli unallcrcfJ. Sugar is alio refined by similar process. 

120. DclUag Poiats of SoIutfonB : — IVliat has l>een said to 
far regarding boiling points is confined to pure liquids only, itieii as 
water, ether, etc. Tlie law. namely, a {t<jvtd teilt al a Irmpnaii/rt 
elwhitA tutt^urprissure u revaf lo {Aeprruurr en iK w/oee, Is alsct obeyed 
by die boiling points of solutions , Imt the vapour pressure ni* n 
foliiiioii at a particular teropenuure is a5wa>'s less tlian that of ilie 
pure solvent at the same temperature, to the temperature of the 
solution lias got to be raised above ilie boilmc point of the pure folvent 
before it will boil. .So, fa) lU Sei/mf fvtnl ef a s^luian ti efuuw AifAfr 
than lAel of ifit fuu telcfnt, ond C*) tAe erwwe/ Aj uAtch lAe Aeilifij’ 

if i'ieria< 3 1 > [rcpcrUsaal to the eonefrtraUon of the lelulion. 

Besides the effect of pressure, ihr hathog of e liyvid ir also 
ejfedtd bj lAi presrnet of suhsUince etmotrrd in it 1 tir ex.implc, liic Ixiiliiig 
point of sca-waicr U about lOrC- while dial of pure w.ater is ICffC-. 
ind ii fias already been sold dial the increase of the fioilin? point 
depends upon die weight trf ihc substance dissolmf. So, fhe fmiy 
of a Uq'.^d can bi tested by itc foifmg paint. 

121. Laws of XTbuIliiioti 

(/) Rtefy !iyu>d has got a drfmte fcaifis; p>i*if ef a faTtimlae 
pressure ; by titereaiir-g o' J/ereann* l\e pretture the billing futnl tl faised 
cr hj-errd. 

(r) A liquid bails ei its toiling goi/d a im tAf r-axmun fresturt of 
ill taf^T i( eij-jet la the clmotftAcrie prctJSrre. 

(3) The lengaatirTt el tihuh a lifutd boiU rrrtains lUtie^yy t.n!it 
the u'iole of the lipiiJ u eoepataUJ. 

(f) TAc tor/crafare loskiig U etKJtfl so ier-i es the pressvrr 

tJ tSnUart, il */nIl tjueMsty *J heal, trxt»* at the Ulent bea af ecfrtnal.cn. 
is af'iertfif (y mmI nets oj tha ixftid in thstgsrgjicis the ItyutJ la ifj tifur 
iIsU at the tarit fer-petal-jii. 
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122. Ebullition and Fusion Compared : — 

(а) The temperature remsuns stadonary throughout each process, 
when the corresponding latent heat b ab»rbed. 

(б) As tliere is super-cooling of a liquid under some conditions, 
so there may be super-heating, tlmt is, the liquid may be heated above 
its boiling point without boiling. 

(c) Both the Freeing and the boiling points of a liquid arc 
changed with pressure, though in the first case it is very small. 

{d) For both the processes there is generally an increase in 
volume. 

(«) In the case of a seJution, the freezing point of a solution is 
Uiuer, but the boiling point is ftigha titan that of the pure solvent. 

123. Change of Volume of Water with Change of State 
When heated, water is changed from the solid at 0°C. to the liquid 
state, its volume decreases up to 4®C., after which it gradually 
increases up to !00®C., and when it is changed into steam at I00°C. 
at atmospheric pressure, its volume is increased more than 1670 
times ; that is, a cubic inch of water produces about a cubic 
foot of steam. The curve (Fig. 58) shows diagraimnatically {not 
according to scale) the changes in volume when 1 gram of ice at 



— !0°C. Is heated to steam. The portion AB of the curve represents 
tlic expansion of ice as its temperature increases from — J0°C. to 
0°C. The portion DC represents the state of melting of ice when the 
volume diminishes, the temperature remaining constant at O'C. The 
portion CD shows the diminution in volume of water as its tempera- 
ture rises from 0°C. to 4°C. when it attains the minimum volume, 
after which the volume of water increases as its temperature rises from 
4'C. to IOO°C- at whiclj the water b^ins to boil. This is represented 
by the portion D£. Tlic portion £F shows the state when water 
boils and changes into steam, the temperature remaining constant 
at 100°C., but the volume of the steam formed is enormously increased 
being about 1670 times the volume of water taken. The portion 
beyond F sho^vs the uicrease in volume of the steam tvith the rise 

of temperature- 
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DvTtituc&tATe rttvitct 


tiir k1m» vrwl nipmaiion i*Vt« jUr* erijy fr>tT »Sf •tbaII »i(rfjre 
aT*ywd to tl)» tkinule »ir throunh Brc% tHe Iwtilr. wliile m iJ.e oiWr Cttt 
r*»p.iril«>n uko plirc ihrojsh Uie |««t 3 of lie Mtelc navi ; limcc ihor «« crrairr 
fill of »nopfi3\\»ff in i» ciiK. 

if thrrc ti no JjlTnrnee of Irmpcfaiuro, >< iKomi lh4t Ihf aimotphorc ii utgrjttiJ 
with water rafour.] 

12. Diilintjuft craporaituii and Initins. and dneun ihc factorr 

COviming ilipiTt. 

Dwenb« an ««ncT>Tnent ta thew Ikt Coo'.inx of a bqgU by f-rapnration and nt>U<n 

lh« oia«r»ed tfTrtt. 


Do roo know of any machine ia which the a(io*e nrinoNc ha« Lnen ijitTiml 1 

(C V. I9U) 

13. Hxplain the conitructon and action of anme Litul of practicai ffrciiiia 

Riichiie that iIOTi not re<|g<re the freeamS tniKture. (rai I9'ilj 

14. Wrtea note nn'IWriferaton*. (U P.U I9'5> 

15. ZIow would you And Out wbaScr a (pjc- t< ttfiiratni or not I 

fC U. Ifl.r). '32 , I’ll 1031 , Die I'D!) 

IC. \Vbat (< eci*ant by nttiimim eapnut (irewuec of wii*r vapatr I IViculio 
an otpenment w d-tertni.ie <i fiom the (iSoeaioev t«nv»T*tur< uo w iOJ*U 

{C.U I9»» .e/ I9IG. If. *14. J* Uu I'JJI , tJ. U IDIJJ 

17. Two hawim<tee« Hind *t4» ».y mJ.*. a few Jfop* of water a»» intialutnl 
Into the vacuum of oie and a indr air i.iio the other. Wnai would be ihr ell <ta 
on the erroei of the tjeomner retdm^t Ihui f>rodu(td fu' (•) clunur i>i dm 
•laMTherte rmnirv, |k) a «hane« in lempceiture. (U U iGA} 

Id. Iklul It tilurated vapnur |Meriijre * Linder whal cnnditKvni It a eapnur 
aide lr> exert tuch peesiire ’ U'htf bappeai when unuiuratrO vipuir n cornpremr) 
ltd further cnmiimvon it inpottiMe f 

If wtier hijcU at Wf? wlwu die preunre u 735 mau. what i* tlw aiinmnl 
ptTwureat lOl'C. f futplitn bnefly. (rat IWy) 

J/Irf. 7f.1 + f7r.1-733)-T87inmaZ 

la Oittirii;ji«h between aatueateif anf tinutuelirtl vannin and ilneuii 
Iheir be.’uriour a> rrgirdt chance conlein.diKtl by {firlc'a and Ch'd'i liwt 

.Fti 1511. ■«?! 


2d. Dwerthe the hehsvio-jri of uturateJ and uftialurilwl vijojn wfu 
Iw ia Kiet txenci on ihtin » va'icJ [C. U. 

21. lUnliin Imiw the matimun imum of aijrytjt rafmr n drirrmn 
lernvrarurct bel-iw and apart rbe nomtl bailine nnini 

(U U. 1511 . Uttd. 


(Foe d'tTTTtninx the mtximt-n Cnw-vx of aii'-tn rinjir fr-jn IT" I 
eil' Art. 112 (rc 7D. an i fro n 5 FC upwards n.^ Art 1 15 (Fic 5fl 1 

the hu-o-n-ter In- a1T.xtctl under ihc tdlowju* cotdiiion* — 

(e) Tlie darn and wni-Jnw* arc tli>eJ an 1 the m>-n 5» traSutl'r h't 
ft) The ronnn •• hrtlei hut with d»rr anJ wininnn on>n ll’t 

2i Incn a eylinJer ethanuej uf air ml pmnei-il with a rni'nt. 
Intm 1 linn I I III e-v» wrS wuer to tiijraie the rpace at 2J'C Drv-n'w whii 


Uiyj-T the fdlLrwinc CO-vlilioni — 

(r) The volmw of the »;»»»» m intreawtl by up llw p»'nn, 

(») The ttJurrv* M ditninnherl by fnnhmc the pwirri down 
M The volume rerntimny ar »i l«ns the tempemiuee n KieewiKnl in 
(/} The leniperature fdlj to 1<FC It-'- Lf 1310, T 


e» the 



v>-n 
■3, ■3 0 
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24. 50 c.c. of a gas are collected in an inverted tu>e over water. The heiglit 
of the barometer is 77 cms., the lempciauure of the room t$ I VC. and the water level 
inside the tube is 7'6 cms. above uiat outside. What is the volume of the dry gas 
at u’C. and at 76 cms. pressure ? The maxinum pressure of aqueous vapour at I VC. 
b 14-4 turns. 

[Ans. 46-5 c.c.] 

2.7. Enunciate Dalton’s laws of partial pressure. (Ail. 1920 ; Pal. IS26. ’40) 

26. A mass of air is saturated with svatcT vapour at lOO"!?. On raising 
the tcmiterature 200°C. without change in volume, the mixture exerts a pressure 
of 2 atmospheres. What tvas the pressure due to air atone in the initial condition V 

[Anu 438-6 mms.J (Pat. 1938) 

27. nisiinguish carefully between a gas and a vapour. 

(Pill. 1926, '44 ; C. U. 1927 ; Utkal. 1951) 

28. Describe an experiment to show thaithc v^ur pressure of a liquid exposed 
to air at its boiling point is equal to the atmospheric pressure. 

(C. U- 1915 : Pat. 1931 ; G. U. 19.V.) 

29. Explain the statemciu, "the vapour pressure of a liquid ai its boiling point 
Ss equal to the superincumbent pressure". How is this verified experimrntalK ? 

(C. V. 1952) 

' 30. Distinguish between boiling and evaporation. What conditions determine 
whrthur a liquid will boll or evapuratr ? 

(a U. 1914. ’25. *41 ; Pat. 1928, ’41, ’44 i if. Die. 19.31) 

nUata.— A liquid evaponiies as long ns the vapour pressure al the lemperatitra 
of the liquid is lag chan the atmospheric pressure, and it boils when these ttvo 
preuurcs are equal.] 

31. Explain how a knowledge of the boiling point of water would enable you 
to determine the b.-iromctrie pressure. 

Into che Tornecllian vacuum of a barometer, water h introduced dro;s hy drop 
till some water is left over. From the depression of (he mercury column it Is possihlc 
(0 determine the temperature of the room. How? (C. U. !913, '20) 

[Hints. — A liquid boils when its vapour pressure is equal to the e ipsrineumbrnt 
pressure. Knowing the boiling point we ean find out die vapour pressure from 
the Reganuit’s table which w<il be the same as the barometric pressure. 

From the depression of the mercury column the maximum vapour pressure at 
room cemorraiurc is known. Now by consulting Regnauit's tabic, the temperature 
corresponding to (his vapour pressure, is known, si^ich is the same as the temperature 
of the room.] 

32. Why does it take a longer time to osok food an the too of high mountains 7 

At Darjeeling the barometric height is fiiuiid to be about 23" only. At what temnera- 
turc will you expect svater to boil there ? [Pal. 1919) 

[Hint*. — There is a chance or0-04"C. in the bs^ing point for a change of I mm. 
(or 0 04 inch) in pressure.] 

[Arts. 93“C.] 

33. Define boiling point of a liquid. Describe suitable experiments to show 

that water ean he made to boil al te m o e r a tures greater or less than I00”C. At 
Darjeeling the barometric height is about 23 inches. If there is a change of 0-04°C. 
in the boiling noini of svater (or a chai^ of 1 ntm. oTHg., al ivhat temperature svill 
water hoil there ? (Dac. 1942) 

[Arts. 92-97'’C.] 

34. Define boiling point of a liquid. Describe suitable experiments to show 
that water can be made to boil at tonperature greater or less than lOO^f?. 

[C. U. 1930, ’41 ; Dac. 1932) 
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3*} Si^rp thr VioiUn^. Hour *• ll *li« fannnr W nviVrtJ proprrS 

on % higH mounuin. ilvv< ran want far mvlr to ta'il at any tmi-'raiurr aUnr 
tOOC.! ^!»el U. Unt 

S<'> Hrat u cn.>iirai>nM\ly al>rls«) t» a maw o( >rr k( — tOC. iintit >t Ixtomti 
alrant at loo Iftlir irmprtatuir u t*km at tntrrvaU Itiue acul a y^rapti (i 
nf (hr irmprraturu acainti tiatri wfaat wimU far tlir tharr of iJir mnr oMainnI ? 
Gnc rra*-.;u f..r llii. (rat. 1 . t’. I) I'?.*.’) 


w tt)ii arr aMr tn clrimniai* (aj*|>rQ«i'nJt<'(Yl ilir Iint:!ii of a 
C tnr fuaata of watrv at id loji arnl fa^icnnt 

(C V. l!»n , r/. r^t. J9I3) 


ciiAriKR vn 

IlYCROMETRY 


125. Ilygromrtry Aotwin vapour u rnnre nr leit alH-ati 

R rrwut in ilie aimnipliere , (Jir, oupomtion laVn pbtc cunttantly 
•om llie lurlaee of water fucU .t* from the tr.n, ntm, lain, the 
tnoUl earth, (he vegeiauAni, etc ftyptmtity it that pan of fhvttci 
which deals with the irteasitrcmem of the aimuni of aqtieoot s’apour 
present itt a. given volume of fair. 'Ilte fumtatiotv of eloucl. tniii or 
fog, liew, etc. proves that water vapour » present in the atmosphere. 

On .1 trann clamp day (he otiuide of a tumbler of feii water sorm 
becomM covered with devv owing to condensation of unier vapour 
from (he air. 


It h.ni ftlv» been oiuened lli.rt on a cold nicht water v.rpoiir 
condenses on the intidc of ifie Rlau panes of a SiHmg rt*om window, 
Thr romn rrccivcs water v.ipour lirnn the lirraijiint; of the pefsont in 
it, hut rhit v.nixjuc cannot sainraic the w.trm air cif the rtxim. llie 
glatt of a w indiiw liemg tlim n cooled tr» a lower tcmperfaHirr by the 
cuM .'-It ootsule "nic air in contact w»tU the Rlass it cooled to a 
low tetner « t-xs.jnd liecomcs saiuratcsi with waicr vapour which 
is cond.irr he •fTxinl if .««. This shows the exjsirnce of water saptur 

"(*J TJie TOST, b hsM-i bu 
J»,iV J?*" .• ^''2^'’ es*ti,m-l or ,„JjVient'l 

uoJt iw fcIfaw;-rrtU>l.i. 0 Ti vapour it Irti than iIjc saturali-ir 


b« ’•"’•'irdinanly the tjn.intiiy of w-.ttcr vapour 
‘titns*! oT ti., jyjjjcJcnt to prrKliicc i.sturation, 


<«) Thr 

(l) The n 

b) The •sJ.tmi* nxnii'uo 

(0 T>.c ceaifwnure£it!j la ItfXl 




but the uiiic rjuantily of s-pi 


If 


.W far puihmeY* « 
r •• .( fini. the rernnus cr.nttant 

• pressure ; the air contracts 
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in volume and more air cntcis Irom the surrounding regions, but the 
pressure does not change. In case of the aqueous vapour in the air, 
the same statement is true as long as the air is not saturated. This 
pressure also remains constant undl, on cooling, a temperature is 
reached at tvhich the air becomes saturated ; the pressure of the 
vapour at this temperature is the same as it was originally. If the 
air be further cooled, some of the vapour gets condensed as moisture 
and so the pressure falls. The temperature at which such condensa- 
tion starts is called the dew-point, and the saturation vapour pressure at 
the dew-point is equal to Ike pressure oj the aqueous vapour under the original 
condition. 

Definiton. — The temperature at which a mass of air is saturated with 
the aqueous vapour it eontaiits is called the dew-point. 

It is clear from above that the pressure of aqueous vapour may 
be found by determining the detv-point and then finding from the 
Rcgnault’s table of vajx>ur pressures tlie saturation pressure at that 
temperature. 

Relative Hnmidity. — For meteorological ^vorfc, the degree of 
saturation of the atmosphere is more important chan tlie actual amount 
of tvater vapour in the air. This is known as the Relative liumiditjt 
or the Ilygrometric Stale of the Air. Relative Humidity may be defined 


the mass of >vatec vapour acnialty pres e nt in any volume of ai r at ... 

ihemassof water vapour necesary losaturate tbesamevol. ai<“C. ■" 

_ prcMure of water vapou r actually pr tsent in t he air at 

pressure of water vapour necessary to saturate the air at <*C. ^ '' 

saniration vapour pressure at the detv -p oint 

“ saturadon vapour pressure at Uie tempcrature(VC.) of the air '' 

Relative Humidity is generally expressed as a percentage and is 
calculated by applying cither of titc e.xprcssions (1) and (3). 


That iSj Relative Humidity (R- H.) 
mass of^vatcr vapour actually present in any vol. of air at<*Cx lOT 
^ mass of water vapour iiccosary to saturate the same volume at i°C. ' 

~ saturation vapour piessnrc at air temperature (t^C.) 


*[Watcr vapour obeys the gas laws fairly tvcll even up to tlic 
saturation stage. Suppose the (partial) pressure oftvater vapour in a 
volume V of air is p. If the absolute temperature of air is T and 
the mass of water vapour present in volume F of air is m, \vc have 

.• .. (1), wherc/f corresponds to 

unit mass of tvatcr vapour. Let P be the saturation vapour pressure 
of water at the same temperature as that of the air. Assuming the 
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cqmtion to be still tnie, the mw A/ of wsler v.ip-jur which h Teijin:-! 
to saturate the air at the given co.iJiiloiu wilt he given by, 



Dlvidins (1) by (2), 

A table is gi'-Tn below wherefrom it will be Actually fountl that 
the water tipour in a gwen volume of atr is nearly nrop’irtioaal to 
the pressure it exertt, wiierc m reprexenu the maw pt water vMpotir 
necessary to saturate one cuKc mctic nf atr at the tein|scraiurcs shown 
and p the saturation pressure oTxvater vapour at lliosc icmperaliircs. 

Absolute Humidity it tlcrmed at the laxu of water vapour 
actually present in a giwn volume of air. Tlsis is Renerally exprtssetl 
os the mats of tv.ater vapour in graras per cubic metre of a!r. 

a ••*!!<» l\/ it* n rt> ti ITC.ain itr u^ifirtivt 

aftU UTiriirrC Ca'til*Uuia»nUa>jKtfftlu4t 

Cy e«s"jtwne (he tt‘i< cf «»enjr ii >»U be e'en (ba( «S« ((wiTt(>Ofl 

prrujre or atiaiJi vjpsjr at ItV •litSI msii am) ai JC*C.» 13 G! mme 
RelJUvehumkJuj** wfrj? or J7 pri teiiu 


SfASS ANO VAPOUR PAFAWHE TAHI.E 


Tcmperjlurc (’C I 

* 0 5 

1 

10 ' 

1 ,> 

20 

25 

1 

Man m In gait. 

i .a 1 CD 


I2R 

172 

22 0 


4C j <15 


120 

175 

23 7 


127. Dryness and Dampnvss ADur jfntaliew e/ i/iyvis or 
dirnpnen do not depend only on tie arlual of u'ltrr tapj^r fireiml, 

Init alio on the f^anUlj of ra^iar nntiia-jt tJ lataralr the air .xl ih i1 
temperature, li ii on the rafit oj tit ttio^ ipia’ihhet. it ei lie 
rd-jfi-e hwnidilj, that our senvtivMts of dryncM or dampness cliielly 
depend. It iS fojnd that on a a»td tntity day m winirr, when the 
air sterns to lie f]uiie ‘damp*, the actual amourl of ivater.vnfvxir in 
a given volume iif air is nfcrit less llian tliat (in a iuii day in luminrf 
when sv; feel the air is 'dry*, becautc in the fornicr case the .amount 
of vap > ir the atm-M iherc contMut a a larger fra ii •>» of ilie amount 
required for wturauon. Tl»e darepnexs or drynrss of the air xijuJ’id 
ty Lf# taU ai which esoiporaiion Roes on, aud thw depends sipun ia a 
Jit t‘ir c!r ij fntni tht ia!itrction jtite, f r. how niiich more seipour it 
can Lal.e up, and does not depend only upon iicrw much vraicr vapour 
the air already cantains. 
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Things such as wcf clothes will be dried more quickly ^vhen the 
relative humidity of the atmosphere is low, because in such cases the 
atmosphere can readily take up more water vapour. Also the 
evaporation of moisture from such things as wet clothes will be more 
rapid if the air in contact with them is constantly renewed. 

The ventilation of building is necessary for two reasons — to 
remove the carbon dic^de exhaled by us and also to remove the 
water vapour evaporated from our lungs and bodies. 

Our bodies are constantly emitting water vapour, and this fact is 
very important from the standpoint of health. We know how difficult, 
it is to work in a stuffy room. This is because the air in the room 
contains a lot of wafer vapour ; that b, the air is nearly saturated 
with moisture due to which normal evaporation from our skin cannot 
go on, and this produces a feeling of uneasiness. 

This is particularly the case when the temperature of the atmos- 
phere is high, as the feeling of easiness depends upon evaporation 
from the body so that its temperature may not rise above the normal 
value. Hence in India the weather near about Bengal during the wet 
season is more oppressive than that in otltcr parts where the tempera- 
tures may be even 10® to 20®F. higher, because the atmosphere is drier. 

If the relative humidity of air is about 100 per cent,, we perspire 
and the weather feels sultry and very oppressive. 

Relative humidity 5s determined regularly at meteorological 
stations, because it affords information as to the likelihood of rain. 
We can expect rain when air contains a considerable amount of 
water vapour. This damp air is lighUf than drj air, because water 
vapour is ligiitcr than air. The density of mater vapour relative to dry 
air is 518. 

The record of the relative humidity b useful to the Public HcaItJi 
Department as certain diseases thrive in damp atmosphere. It b also 
important for certain utdiistries ; for example, cotton weaving and 
spinning can be conducted satislactorily only when the air is compara- 
tively damp. For this reason the damp climate of Lancashire has 
been found Suitable for the development of tlie cotton industry. 

128. The Hygrometers : — Hygroractets (Gk. hjgros, wet+ 
ntlTon, a measure) arc instruments used for the determination of the 
hygrometric state of the air at any place and time. The hygrometric 
state is given by the relative humidity. 

The hygrometers can be dmded into the following classes ; — 

0 ) 

(2) Wei and Dry Bulb Hygrometer, 

(3) Chemical Hygrometer. 

(4) Hair Hygromeler. 
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(1) DrW'point II)‘(;r«>fnrtrr« 

(n) Danlrll’* lly);r 0 rnr<rr.-^lt mn«pU of luo 
lniH« .} and U (rii* 5'») Wnt dnnimarxls oumcctpil 
lij tnrant of a ««ic li*W, One nf llie Imlbi A 
Cnnlaiti ether, and the eilSirr htilh pith the tide 
oiitiierieal to it i« ftiJt iif eilirr lajynir, the air 
iiavinij i»ecn etpelletl Ijefnre the appar.iiw^ pm 
» eal«l tip llierr t« a delieate iliennomeier t intieJe 
ilie Ih«I 1» .! ciMitaiiiini; ether. The hiilh U silvered, 
• ir trill Miiliiii, uhilc die oihcr Is cotrred v»itl» 
iniisltn .\tnnl»cr tliermotncter T pheetj on the 
siem C lntt^cale^ die leinper.iinre of llie nir. 

To deiennine flic t)cv>-poinl. snne ether i* 
pcMiretl eijv the \»hirh, tni esaporaiiiti*, rCMsW 

Tw i)*iiiri:h the hwlh ami comlenses a (>orli<jn of the cilicr 
N.ippar tiwitle The pTr>->ofe itv'ide heimj ilim 
reducetl. ether from the other Inilb .1 cx.tpomtrs jml $o it lieeotrtM 
colder. 'ITie innper.iUiTr is teilueed until the drkvp<'>iiit ts reached 
'lliB lenitieraliire of the ilieniioiiieirr nnide the bulb is noted at 
soon as lue fini film of <Ws 4|*pean <>o dir silvern^ siirT.iee ‘Tlii; 
CiMiliiu; proens is di«ioiiliii<ie<l l>s allooiu^ the inuslui to drv up ■mil 
■ai'.-iiii the tenifirranirr is ootcsl uhen the film )ust (h%\ppe.tpi The 
mean «il llie'r ipo inii|>ei jiores p the de's-|Kiint 

Sources of Error- Ibis lortn of luifromeier is r.tther defective 
for the fr.lloMinit re.v'«.n' « Ether rvop..r4tiri; ountdr il Mini.iiiiU 

naten the .or .tnd ihis e(li.t> i!ie hvursitiietris vt.vte uf the air . 'ni It 
it t.tiher ditlii nil lo ofr-rixr ihe ex.ti i imuiiml of .ippe.tr.iiiee or ilis- 
.tpfK.iran<e nt dew .t» there w no l•»nlJl.trl'w»n st.iiid.iril . i^r Kn;iuuli“t 
)i)t;romeiei , iii Insid* tiir hulh I. ether ev.ipsiraies most]) at the 
siirlarc of the li<nml sslmh ix thsn 
s-oolcsl loiiie rapiill)' than ihr iniermr 
and thiu .anna! dnv-i>»M«i is imt 
obtersTtl (r:/ I>ecau«e cU'i is .t liatl 
eomhictor. leiiiper.itiirr «>utsulc .1 it 

Preeantion.— '\iih a«x liM;T«nie» 
ter, obsertaiion ouijlu lo lie uLen 
cither (ij h> a itleMolvr. \ii) Ij) 
pl.nniii; .i pierc of k1js> between llie 
iilssefset and tlic apparatus, so that 
the mult may not Iv cfTettetl by 
the heal fnim the lx!) or hrcaih 

(b) Renault’s IlyKronacter. — Ui Jlfruuh'i 

lliis jt a liefier fnrni i/l hy^Mneier. 

Tim consists of a test isil-e hasint; a side tulir (fir; Wtj, the lower 
p.tn K of the test lolie Ixini; made of s.Kcr llie riwuili of the tube 
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is closed by a cork through which papcs a delicate thermometer T. 
A glass tube A also passes down throt^h the cork nearly to the 
bottom of the tube. 

To work the instrument, some ether is placed in the test tube. 
The side tube is connected to a vertical brass tube, which again is 
connected to the rubber tube C with an aspirator. The vertical brass 
tube is supported in a clamp. A second glass tube similar to the first, 
fitted with a thermometer t inside it, is also mounted by the same 
support. By opening Ihc iispirator, which is full of water in the 
beginning, a current of air is drawn throi^h the tube E which causes 
rapid evaporation and sufficient fall of temperature to condense the 
water vapour on the outside of the silver tube E. The temperature is 
noted and the aspirator is shut off when dew is first observed. 
Condensation of water vapour is ascertained from the loss of bright- 
ness of the surface E. The temperature is again noted as soon j as 
the dew disappears. The mtan of these two temperatures is tiie 
deW’paini. The aspirator must not be placed too close to t^e 
hygrometer, for the water released from the aspirator may then alter 
tnc humidity of the space around. Tlie otlier tube is not an essential 
part of the instrument, and serves only as a standard of comparjsbn 
of brightness of the two silver surfaces E and P. The thermometer I 
inside the other tube gives the temperature of die air. The relative 
humidity is then given by, ; 

Rdata Humdity- a. ^ 

' saturation vap. press, at the tom. (f C.), of the air. 
Advantages of Regnault’s Hygrometer ; — I 

(i) By regulating the flow of water of the aspirator, the rate of 
evaporation of ether in the tube can be better controlled tlian in 
the Danicll’s Hygrometer. 

(h) Silver being a very gootl conductor of beat, the temperature 
of the ether, indicated by the thermometer, is practically the same as 
that of the silver surface which is in direct contact with the ether 
and the atmosphere. > 

(in) The presence of the dummy tube Scilitatcs the observation 
of the appearance and disappearance of dew on comparing the 
brightness of the two silver surfaces. 

(fu) The continuous fetation of ether by the bubbling of air 
through it keeps the temperature uniform throughout its mass. 

(w) Observations being taken from a distance by a telescope, the 
result is not affected by breath or heat from the body. 

{2} Wet and Dry Enlb Hygrometer : (Mason’i Hygromeler or 
Psychrometcr). — The humidity of the atmosphere can also be judged 
by obscrwng the rate of evaporation. •'When the atmosphere is dry, 
evaporation goes on more rapidly than when it is nearly saturated. 
Depending on this principle, the Wet and Dry bulb hygrometer is 
constructed. - ■ 

Voi. 1—30 
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J< 15 a reliable npparai.u tun! <br the determitwtion of rrfjii-t 
huntidilr \\iiIiout iieetssiiAting llie <!ok-poirl lo be delentiined. 

The li){jromCler eomitti oF t\»o mercury thermo- 
meters, plarrc) scrtically sk!e by *iJe rn a l>a.inl 
ishlch ran lx* hiin^ up a sTriical wall ; the 

bv'lb of out of the tnennomctcrs vs covcrevl with 
muslin, which it altsa^i kept moist by cHpnint; it> 
end into water conLtincd in n sm.ill vcs’cl 
(Kitr. Cl). The continuous ervaporniion Froni the 
sncI biiih Ireps iw lenipcrjturc lower than 

the other tlicnnomrtcr which U dty> Tlic 

difference between tl»e two lemperatures Inilicntes 
(he humidity condition of the air> Tiie drier the 
air, the Quicker it the esaporatlen and tlic more 
mpiel it ilie coohne, ainl so the diirfrence liciwccn 
the rendimjs of the tno iJimnometers h/H be 
peat and lienee the u'dl hur. 'Vlteti 

the dtITerence ts imail, it mdicatet dwit es’.npnraibn 
from the wet bulb is very stow, and thii it 
due to the prevrKt of ccmvidtTniile water a.ipotir 
III the Air And lienee the deif/vifl/ if ll Ihe 

Air IS already saturotcil, no cvaimrAtiun will lake 
pl.ice, and the two thermometen mil give the 
same readini; 

Determination ef nelailse Humidity »— 
r<e oi -IJrysnd (a) Dy Tablra.—The dew-poml and relativ'e 

Itrilicifl, lioniidiiy can be found b> means of an esperi- 

JltVfoifieKT. nieivul table givoi lielow. 



Tlvc first column gives die temperature (t’C.) of the dry IjuISj 
therwvfnetcT, and ihr tecond wJumn the correspordini’ vMpour 
pressure of wnter in mlljifnetret. The numl^rs J, 2, J, ere. at tire 
top of the other columns indicate Uw dilTerenee of icmperaturta in 
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degrees centigrade between the dry and wet bulb thermometers. The 
use of the table will be clear from the example given below : 

Example. Ths reading ef a dry Mi IherBUsieler u 18'C. and that if the icct balb 
16^C. Find the relative Mv/ttidily ^ the air, artd tSte dex-ptrinJ- 

The difference in dry and wet bulb teniperatiircs=I8 — 16=s2°C. 

In the first column, we find 18“C and on the same level in the second column 
we find !5'4. Then 15-4 mms. is the v^ur pressure at I8’C. Now at the same 
level in the column headed “2" — the dinerence of the two lemperaiures, wc find 
1 2'h. Then I2'5 mmt. is the vapour pressure at the dew-point. 

Hence the relative humidity *j = 0'81, or 81 per cent. 

The deav-poini is the temperature at which 12'5 rams, is the saturation 
vapour pressure. From the second column tve find that 12'7 rams, is the 
vapour pressure at 14°C. and ll'S mms. at W^C. So the dew-point it little 
below !5'C. We observe from the table that there h a change of 0'8 nim. 
in the vapour pressure for a chai^ of in temperaturn from 34’ to.lS’j 
SO; for an increase of (12'5— 11'9) mm. in vapour pressure, the change in 
temperature— 0'G/0'8—0'70’C. 

The actual dew-point is (i4-h075)=H'75'C. 

(h) By Formula.— The relative humidity and dew-point can also 
be calculated by determining the pressure f (in nun.) of aqueous 
vapour from the formula, /=F—(h00077 (<—/’) x//, where t is tho 
reading of the dry bulb and l' that of the wet bulb thermometers on 
the centigrade scale, F the saturation pressure of the aqueous vapour 
at t®C. and H, the atmospheric pressure (in mm.). 

(c) By Glaisher’s Formula. — ^Tlte dew-point can also be 
determined from the Glaisher’s Formula. If /8=dew-point, then 
where F is the Glaisher’s factor. 

The following table gives ihc values of the Glaishcr’s Factor 
corresponding to different Dry Bulb (D.B.) temperatures. 

GLAISHER’S FACTOR TABLE 



(3) Chemical (or Abso^tson) Hygrometer. — The mass of 
•water vapour present in a given volume of air can be measured 
directly in tlie following manner: — 
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!XTriUtfrin»tT. riiYstc» 


n f, uitli a Lottie Jl, 



c-alJcd the trap 
Lottie, contiUiirt^ 

concentrated H, SO,. 

'*ltich U connected 
•wccestively to the 
cIoinjT U-tul« C 
and /> filled wjili 
phcxphoroiit f)cm. 
oside or anhjdrom 
calriont clilnride. 


lie 7Ti« Clirmte^l lln^nxnnfr osIde or anhjdrout 

The thermometer pLiced near the open cm! of the” rechtew ihe 
temperature of the air In an etnt . tl;c tube* C and I> are cieweh^ 
•and ^^eis .ed (ir.) Water « ,U a«oH«I to run cirrmm £ 
niptrator by opentng the rt.t tap thereon .» slw current «>f nlr it 


dra\rtj into the atpimtor W,en a eomuitrable nmoimi of water liw 
paited out. the tap tt .and the v^a^er le^rl in the .-tjpimtor 

marLed. Fite tul>M C and /) an> i.iin. ....t -.p.,i .. ' 


nurleth Tlie tubes C and /) are lale.i out .and t.fjphed 
pr ^,^rrr«e .» hr. ..b *a.-rr tfu c/ ,rJtuu 

Ihf air .at a cerum temperature In the tecord p.ari of tlie «ni 
a tube ch.anjed u ith pumKc st-me nwletl m « .aier it then eonneeini 
so the Uilie /> Tlic aspirator ■* .ae-xin filled up v^ith ttater up to the 
tame IcsYl .as to ihe betpnninc of the first expt . ihe tap orCTctl and 
water allowed to come otit nil its Icael a»a.n tails at before In thxi 
case, she Mme tolume of air samr.aied wnli water vapour is surlrd 
in. Tlie u t. of the tul>c» C and £» i, aijuin laien ( U\j. The dijjnrnc, 
bf.:r<en tht tnmd and ihr thirj H-nc^tr fires tht r-ojs of meiitmt cixer^eif 
ficn ca ripial relume ef leWreted air at the tame Itr^prrafjre. llien rel.atn c 
humidity 


(-1) llair llyerometer.— Use pnnctplc of the Hair Hytp-onieier 
H rery simple. Hair when moist 
slifhily increases in length Tins 
change of length with man urc is 
ulilis^ in the working of thh liygro- 
meter. 

s\ fine hair formerly Creatcil with 
caustic soda solution so .as to l>c free • ^ 

from gre.ise and then stashed and * \ ^ 

dried isstretcheil as shown in Fif. 63. \r / 

Its one end is faed at /? while the 

other end passing uleimatclv round a * 

groosxd wheel F is atUened to a C>— I|»ir )irrr'>m>-i'r 
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spring S which keeps it taut. When the length of the iiair increases, 
the grooved wheel moves a pointer P attached to it over a scale which 
gives the relative humidity values directly, being previously calibrated 
by comparison with a standard hygrometer. 

The advantages of the instrument is that it reads the humidity 
value directly when simply pat in an enclosure. 


129. Mass of Aqueous Vapour {Mast of Moist Air) : — It is 
often required to find the mass of water vapour present in a given 
volume of moist air. Assuming that the vapour obeys the gas laws 
and knowing that the density of water vapour compared with that of 
air is 5/8 (or 06'2) at the same temperature and pressure, the mass of 
a given volume of moist air can be calculated as follotvs ; — 

Suppose wc want to find the mass of I litre of moist air at t°C; 
when the height of the barometer is F mm. and the vapour pressure 
obtained from dew-point observation is / mm. According to Dalton’s 
laws, the pressure of the air alone is (P— /) Dim. The volume V of 

I litre reduced to N.T.P. becomes T = 1 x X 

The mass of I litre of air at N.T.P. is 1'293 gm. 

Mass of V litre of air at N.T.P. [which is the same as 
273 P-~f 

1 litre at PC. and (Pr*/) mm.)=l-293 x 273::^ ^ tqq' 

Again, the pressure of water vapour is / mm. ; hence its mass 
273 / 

• 27S+I ^ 760 

The mass of I litre of moist air=mi -fmj 

3 X .S-— — X 4.0’62x1‘293 x X ~ c 

^ f73+( ^ 760 ^ 273+f 760 ' 

/ P-/-f0-62/ > 

' 273 -f A 760 


=0'62xl-293 X ? 


{!) 


-I'2g3 X aw 


gm. 


=1-293 ; 


27 ^ 
273 -ft ' 


P-( 


7M 


gm. 


(2) 


The whole gaseous mass may be divided into two portions,- 
air at 32“C. and (758-2— 12-7) mm. or 745-5 ram., and one litre o 
32’a and )2-7 mm. {cf. Dalton's law). I litre of dry air at32'’a 

and 745-5 mm. reduced to N.T.P. becomes sss I X „-==^^=v X - 
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The rai»of.c,urouji,»p«if-® y -Ofllll pn. 

.•. Tt« n^ucT I UiM c^noui k!r—l'lS524-0«l2l«1'MT3 pm- 
P ^ fotK tt jrC t/vUeA IWKlttztAx-^^i'r 

t i/\J iSt fm-Uiji »/ xafmrr itiuA m!t tt nnJnvf iw >rvUt, 1U tuin 

fjitviit \ef^ 0) :>;c.~3; £ nw. #-kd m) S'C.— CS mm 

Ret^ti^x huTtiiJity ~ 


rc. 

rree/ 


••. oe. 


*1 30*C. 


Hi > 




■22'9gT>4 ‘•lAineTvkjynir f^rni 


Abiih, imm rreiuireil «» MCuraW t <«*ne f«it« etf kif ftl i’C. •» 

K pn -•'^,6"' -■ Vk|x?iirwn<»enKd-(.,-»i,'J 

•■R24I— 0 B) fm.** 16'1 jm. 

/vlhrbJ I* •« ■ mmr, ittUmml fO nit' IWrti 


t3) }/ :00 emi If ir^l^ ^ .. 

if ilftii 4/ 33 C fiJ 7C0 m-\ , a>ui milt h (Vf/bti 
If/ be ibe rmi 
300*30/' 


'« of <h« irs;><»if »« 

/ , 3'3 
7U> 233+Ji> 


< mjx 


*tf 

St Jjr 2J 

/*4|7mm. Themui/num 


rreaureof iqunxii vspoar at 30*C t« )l 0 mm. fl 11 * 0 13 

(f) Til iirnfma’vfi tf 0,4 f 1 * * <tnti tfct! » la ta /fC , apt lit /riaf*«il 

3'C !/ 0,4 lt—l*Tiwi faVi la ISC . ka^ asti tS* 44>r~f*ml it aJitSid f {Hm */ of. 
•s^tr 14 atmt »/ mrmny, «I 7 C .• 7 <"* , *« SC • SOt 

tr*/ ms. -ji. '13, ‘fi . a v. ntj) 

It ihe *eluni« of the fface bp f«Juee<!. then, •.heft ihe •pare i> •Jiuraird 

■"its >»l>i7ttr. jomc *apour xtll Iw o«wi<JtT«»-'«k but the wruuie will rrman 
erouanf. anti if the (pace be r>t>« •S'H ihere VI.I liP no totvli-rvulioi 

on reduriiip the loluinp. anti pcruuic toll bo incrraiPtl iini''aJ of mnaminp 


A> it to a okMotl tpaco voUinto n oertt 
the alaclule In-ipotaluio 

rvoM ai me ?ft3 

!>«• *f tie Tlh+JjJ)'"^* 


n). the peoteure u ppopnoional to 


But the ptptniio a 1 li'C •»maa»-nj« pira'ui* kl CC. (tKr tltw-pOinOp-BC. tTfflt. 

.-. Pmu at ICC.-0<ex ^ -7C3inTO fappro,). 

Sent, a tn-ifPriture to fwod fsr tdiKh 7EI T-w fill b<- tJo nattfru-n 

Tte Imppratur* ttri'l Itp ll^ do»>-ro“P» o»«TTt;»»ttir]t lo 10 <- lion 

ihr dtij o\m it It *pT-n that f-ir ■ tha-»r‘ «f *’d «» Irmporaiiite th<Tt m a tlar't* 

U (Sfl'-fSll ooOil ent-vtn fimotno 

Thofrf^v f .0 W-W-TEO) or OH mm. rt-anr H Tw..rr, tl^ 
Corap'paiii'e— I'C [jpproa.'. So, at UTC. ihr dpiifiwi I n Viurrol l/y J C 
130. Conde-naailan of Atmeotta Vipour : — llie «rndrn«i»oo 
ofaqueous v-3[yiijr In ihc air ^i\« rise to lito formation of cloud, fair, 
licet, intTW, Itall, form, fog or mist and dny. 
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(a) Cloads, rain, slee^ snow, hail, frost or hoar-frost. — 

Clouds. — Due to constant evaporation from the water-covered 
areas of the earth’s Surface, flic moist earth and the vegetations, 
the lower layers of the atmospheric air are always charged with water 
vapour the quantity of which dilfer from one region to another 
due to local conditions, temperature, etc. The moist warm air, 
saturated or unsaturated, bring lifter than dry air, rises to higher 
levels where the pressure is less. The temperatures of the higher 
layers arc also lower and lower, flic higher the layers are, till the 
limit of the troposphere is reached. The rising moist air is gradually 
cooled dotvn by expansion to lower and lower pressures and also 
due to the temperatures of the h^cr and higher layers being lower 
and lower. If the moisture-laden air is chilled below the saturation 
point, the excess of moisture is deposited into tiny droplets at some 
neight. Clouds arc nothing but formations of such droplets floating 
in the air. They remain stationary or may be moving with the 
wind. 

Clouds show a great variety of forms. The variety is due to 
differences in the conditions under which the clouds are formed: 
When a big column of warm moist air ascends into the upper colder 
air, a region of condensation at tlie top of the ascending column ts 
formed witli a copious supply of vapour and we have a form of clouds 
known as cumulus clouds. When currents of moist air at different 
temperatures meet, the layers in contact may become regions of 
condensation and clouds of the stratus type appear. When the 
clouds are formed at great heights where the temperature is very 
low, die droplets in the condensed phase may be turned into tiny 
ico crystals forming what arc known as cirrus clouds. The dark 
rain-efouds, known as nimbus clouds, are nothing but very dense 
cumulus-like formations at comparatively lower heights. 

Rain. — ^If the lower layers of the atmosphere arc saturated with 
water vapour, the small cloud particles in the condensed phase may 
collect into drops by coalescing with each other and fall by gravity as 
rain. As a rain drop falls, water vapour in the succeeding layers 
condenses on the cold drop whidi thus grows in size as it falls. The 
drops vary in size, and so is the velocity of tlie fall, for they pass 
through viscous air. 

Sleet. — If the falling rain freezes before it reaches the ground, 
it is called sleet. 

Snow. — If the cold at a layer rf the saturated atmosphere is 
sufficiently intense to freeze the minute particles before they collect 
into rain drops, a fall of snow takes place. 

Hail. — If the rain drops already form, and arc then frozen, the ' 
result is hail. Due to violent air currents accompanying thunder- 
storms, tlie condensed moisture is carried up and doum through 
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of snmw anti niii aiul So liail*itoiin with altcraaic U^m 
wf wliJcc Jiujw and dear ire are formed. 

IIo3r«rro«t.~ir tlic tmi|icnilurc of jJic earth** surface anil of 
l)ie ohjccii tin It rapidly fall Iselow O'C. liefure ihe Air reacliM the 
the iialcr vapour in contact with the turf.icei directly 
turn into ice ctyiitli and ate fiat depitMted xt/r«it or AjJr-_/rji(. 'niti' 
ilir friMiiiii’ of tiirftccs u c.wcil b>' direct frewim; cf water in conuct 
and ii not due to froren dew 

(b) Fojj (or — Tlie tliitmctson between /»» ami niit 

Is In the drtfree of condenvation. 'Hitck niiJt H fis^. I'otf or iriitf 
it » cloud formed at or near the eatth‘»*«rCice. The cloud ts farmed 
b) the coiidens.»ton of water vapour m the air on Ar;/rrn>^ir fsTtiJa 
0f dj.it «r dm Ortlinanly dusts do rtot sent as coridensin? nuclei — 
Ihev must l>e appropriAtc ptrttcles. 'ITim in bnje towns nnd 
Inihislnal artas, aotito with imolLittt* chimney’s ilie detue fii'js that 
are formed arc due to coiidcntntion water tapour oo particlei 
of soot and oilier p.trticlco of dira 'lliouttii clouds arc fonred much 
nlios-tr the earth's surface and a To;; or mist on or near it, tlie tniKle 
offut' fiimiation is practically the umc as tiiat id a cloud, the ditfercnce 
iselnc; only m that in the forniaixin of (.13 the ciuiisture-l.vlen inwi 
of air tniiit be at rest or at iiuist m icry stow tnution, while in the 
case i>r clouds ii nml uoi i>e so A fm; it mure s.itiiiun.iry and Used 
in furra than .1 > loud 

'I 1 ie vaimufl.-wlrn air most Iv (<«detl below the detvprnnt Fur the 
fi't «T snwis t!s appear W'Isen warm s.uwiated ait vtitnea in cwiit.wt 
wall a iMoiint.iiti top which is srrs culil. the air ts ruolcl belmv the 
(lew •point and the iiUHinum |>e.il is cnsdopeil with a thick innt. 
Diinn: a cold still ni^ht. cold air nim down a hillside iitio die vallev 
ami ins> so cool she air in the valley that its water vapour condm'cs 
— into a tliJik rn/f. Snich inisi* often besjin lu develop over dainp 
meadows or inarshv lands after sunset and fill the whole valley by 
*arly momtii;. A mist like this ts quickly dupened ssiih the nun; 
ofilie sun 

Vty; (jcneralK disappean before noon. For, die nunmphere 
vs-atpu up and tends to l>e unsatueaied vs hen the condensed pluic 
Tc-evnponiies and the fm; disappears. 

(e) Dew.- Dunni; the d.ty, the air in contact witli ohj'-cti 
wlucJi are heated by direct todiaiion from tlie sun, is cliarcrcd with .m 
am-^uiii of water vapour which remain* un«tumted due it> hr"\j 
temperature. Duriti? the svis;|it, cooUes! takes pUce and ohjecti 
vshich railiaie their lieat well, cool belo.v the temperature <A ilir 
siirroundiiit; .sir and in crmscquencc, the air in contact with ilic::i 
becr-mes satur.sted with the vapour it coauitis. ^VI!h furtl.er o-din^, 
a portion of live vapour is ilepoeited as sieve on tl« turfacct of the 
cw'J Ixxlies. Crren plants arc Kood radiators of heat ; *0 dew i» 
deposited copirjud)* on ^tws leaves and ^"les. 
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The conditions favouring the farmatioa of dew are (i) a clear shy 
for free radiation from the heated objects ; (it) absence of loind in 
order that air in contact with any object may remain there to be 
cooled belotv the dew-point ; (t») the objects on tvhich dew will be 
formed must be (1) good r^ialors so that they may cool rapidly. 

(2) bad conduclars so that their loss of heat by radiation may not be 
compensated for by a gain of heat from the earth by conduction, 

(3) placed near the earth — if situated very much up above the earth’s 
surface, the air in contact behig diilled will become heavier and sink 
towards the earth and will be replaced by warm air from above, and 
so none of the air will be cooled enough so as to deposit its vapour 
as dew. 

The above theory of formation of dm is due to Wells. According 
io some experimenters, deio is famed not ordy out of the vapour present in the 
air, but also from vapour arising from the earth and the vegetation on which 
the dew is formed. 

130 (a). Rain-gauge : — It is an Instrument for measuring the 
amount of rainfall in a locality. The instrument in common use is 
known as “Symon’s Rain’gauge”, wliich consists of a funnel - , 
provided with a circular brass rim having a diameter ’ 

of five inches. It is fitted to a collecting vessel, which 
is generally a bottle B, placed within a metal cylinder 
(Fig. 64J. The funnel F is kept one foot above the ground. 

The rain passirrg through the funnel collect into the 
bottle and the quantity collected in a certain period is •.• j 
measured by a glass cylinder graduated to hundredths of IR:) i 
•aiiinch. The rainfall of a place is expressed in inches or cm. \ ** ! 
per annum. An incb/cm. of rainfall means rhatthe amount ; ; 

of water collected ^vouId fill to thedepth ofone inch/cm. 1 ^--^ 
a cylinder with its base equal to the rim of the funnel. j,. 

In the Indian Union we have the greatest amount of Ram-gaugii 
rainfall in Cherapunji. The average value of annual rain- 
fall in Sengal is about 75 inches, in Bihar and Orissa 52 inches, in 
Bombay 45 inches, and in Cherapunji 500 inches. 

Qaestioas 

1. Why does a glass tumbler 'cJond over’ oa Uic ounide when iqc-cold water 

is poured into it ? (C. U. 1930 ; Dac. 1929) 

2. Write a short cassy on 'Hygrometry’. (U. P. B. 1946) 

3. Explain the formation of dew. Show that the pressure of unsaturated vapour 
in a room is equal to the saturation pressure at dew-peant- 

Dc/inc Relative Hiimidity. On what fkcuars dors it depend ? Obtain' an 
-expression for its deterromation. (Fat. 1932 ; All. 1945 j c/. G. U. 1949) 

3. (o) A hoc day in Furi causes greater discomfbrc tlian an equally hot day 

in Delhi. Why ? (C. U. 1948) 

4. What is meant by Relative Humidiry ? Explain hotv the determination 
•of the dew-point enables you to calculate the i^tive humidity of a particular place. 

(All. 1946 ; A. B. 1952 ; C. U. 1953) 
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TRANSMISSION OF HEAT 


131. Modes of Transmission ; — ^Thcrc are ■ three distinct 
processes by which heat may be transferred from a place to anotlicr. 
These processes have been named conduction, convection and 
radiation. 

(1) Condaction. — In condattion heat passes along a substance 
from the hotter to the colder parts, or from a hotter body to a colder 
one in contact, without any translerencc of material particles. When 
one end of a metallic rod is pul into a furnace, the other end is healed 
by conduction. A material m^ium only can pass heat by conduction. 

(2) Couvecrion.— In mmtioa heat is transferred from the 
hotter part of a material medium to tlte colder parts by the bodily 
movement of hot particles. When a vessel containing a liquid is 
healed from below, the upper layers of the liquid are heated mostly by 
convection. 

(3) Radiation. — In radialm heat is conveyed from one body 
to another, entirely separated from it, without heating the intervert- 
ing medium which may be material or vacuous. The heal of Ike sun 
is received on the earth’s surface by radiation. 

132. Conduction t— Wltcn a body is heated, the molecules 
there vibrate vigorously, and diis increased agitation (t-e. the 
increased heat energy) is passed on by collision from particle to particle. 
Consider the mechanism of eoncbiction of heeU *0 the other end of a metal 
bar heated at one end. Here heal is first communicated to pprticles 
of the bar in contact with the source of beat. These particles, as 
a result, vibrate more vigorously about their respective mean positions 
of rest and transfer the energy to adjacent particles by collision ; 
and these the next layer of particles, and so on. Iheenerayof 
vibration so conducted frrm Ia\cr to laier means the heat transferred 
by conduction. Some stibstonccs conduct heat better than others. 
Metals are generally good crnductois, wl.iJe subsianres like glass, 
mira, c'loniic, felt, etc, are all bad conductors of heat. Air and 
other gases arc bad conductors of heat. 

Good and Bad Conductors : Expts.— (1) Prepare a small vessel 
of t/iin paper. Place a piece of copper wire-gauze on a tripod stand 
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ftticl then place t)ie paper on 

uatrr into ih 


o; 


A- 


V n 

0 y 




(*) 


Ntm* rartAiIly put »»n!e 
,c$»rl anti heat the »».«icr 
gent])' fnnn Lcloke tJie t\ire-gaiirr. After 
sonicitmc itie uaier \«i1] (o ]>oi1. At 

the paper « rtry the lieat it eondiictetl 
rapidly throng^ the pnjter to the vaier and 
so the leoiperature reached u noi riilTieie!)i 
for the paper to l«r iharred. 'Hic tempera- 
iMie of ti.nier does not rite above ICO'C. 


F 5 ? 05 ( 2 ) l>iucr a piece of »tire*gau/^e ujvjn 

llie A.tinc of a Bunsen Tinrner. 'llic flame 
bumj Woai the gau/c and doea imt pa« <hniiii;h the nsrslirt of tlir 
gaurc llli*, Gi'ijj] Now put mit the gat, and hohllng the gmirr 
aljoul ttvo inchet chJtr the top td the bunier, turn the gtt on l.ishl 
the gat above the gnuze. )t burnt, but the flame docs not travel 
down the gauze [Tig. No coinhiulit’le lubtunee ivil) litim, 

rven m pretence of air tiniest it u rawetl to a certain tein{>eratitre 
Icnmtn at die 't/Trf<rawf tf ifeuieo* for dial parncular lulituree, 
The reason ^^hy the llame d«»es not pats Oitotigh ihe meshta of die 
jjauze IS that metal \»»res condmt aivav the heat so rajnilly dm the 
tenperaturr of the gas on the odiei siilc of the gnute tiers nul rise 
hi};h riimii;li in ispnir the gas 

133. Thermal Tropertica of some Materials 
(a) Oav>'’a Safety I.amp ifig f><>i used in niinrs is .an rjumple 
zn ttliich the high eondurtnii) of a lortal hat been utihteil ft 
coiKMU of .111 i’ll l.unp, the iLtiiie of uliicli u lurroumletl 
by a c) hndrii-ai tsire gauze of rime inrsli I'.tTn if ihe 
lamp u iiirMimdnl by an rr{)|uuic gat. the heal it 
CTiiidiircril nuat so nipidlv tliat it prrvcnu any flame 
fnirii ii.xtung from the iinidc lu ihr oiilMile, .ami, «hrn 
brought in the atRimplirfc cliargrd milt an cxplo 9 i%‘C 
gat the danger is indicated by the tfiarvtrr zf 
/anr. 

(b) Other lilos (radons.— 'ihe ath-aniage of ihc 
bad conduriivity of gl.w it often wlen in opening .a 
gl.vn stopper uhicli « iiuek light in (he nerk of a Iwsitle. 

Jf the neck of die buiile is genily and carefully hrateil, 
the reck ctjvmdt Itefore the stopper tvhicfi liecomes 
hxTtc ilirrch). 

Our fcclin; of narmthorcnhl on (rnicliing clilfcrent 
\»Aics itpenia ta « great ritrelonronAuCl'zvtT). 'Tbirt, if r./ S^,— 
\>clotichiron and (bntirl (Ixith being placed in the JUvj'i s^r^tr 

room) ihetemperaiureofnhichis ft/rx (lut of the hand 1 -*'”!“ 
Ironappean 10 liecolder, because it raridl} conducu the heat from tlx 
liird, and nannel bring a liad conductor conducts tety hide hrai. 
If the teniprrature of won nnd jlaniid be eh:f that of the land, at 
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when kept in wann air (or rooms), iron appears to be warmer, because 
it rapidly conducts more heat to Ac hand than the flannel. 

This is the reason why a pice of metal appears hotter to the touch 
than a piece of wood when boA have been lying long in Ae sun ; 
and for the same reason a marble floor appears colder than an 
ordinary cemented floor. 

(c) Use of Bad Conductors. — In summer ice is packed wiA 
felt or saw-dust which being bad conductors do not conduct heat to the 
ice from outside, We use woolen dress in winter because it conducts 
veiy slowly the heat of our bodies to the outside air, and thus the 
feeling of warmth is maintained. Again, the handles of kettles and 
tea pots arc very often made of wood, or of vulcanite, in order Aat 
Ae heat from the hot water or tea may not pass Arough Aem as 
much as through metal handle. Besides this it should be noted 
that the very loi.v conductivity of cotton, wool, felt and other fabrics 
of open texture is largely due to tlic low conductmiy of air enclosed 
in the fabric. For this reason wool is preferred to cotton for pre- 
paring warm clothings as Ac texture of wool is more loose and so 
It contains more air. It should be noted A^t the bad conductors not 
only keep m heat, but they also keep out lieat. 

134. Gomparsion of Conducting Properties : — The 
conducting property of different substances can be compared by an 
experiment of me following type : — 

Expt. — Take a cylinder one-half of wluch is brass and the other 
half wood. Wrap a piece of thin 
paper tightly round the cylinder, and hold 
the middle portion on a Bunsen flame 
(Fig. 67). It will be seen that the paper 
over the wooden portion is scorched long 
before any effect is produced on Ac oAer 
half. 

The brass being a good conductor, 
conducts away tlic heat so rapidly tliat 
the paper is not scorched ; while wood, 
bemg a bad conductor, is not able to do Ais. 

135. Thermal Conductivity : — 

If Q,=total quantity of he«t conducted through a plate, 

Aen it is found, Q_<x A, Ac area of Ae plate, 

«: (^1— tfj), when flj, 0^ are respectively Ae 
temperatures of Ae hotter and colder faces of 
Ae plate, 

cc t, Ae time in seconds in which the quantity 
^.passes. 

cc 1/rf, d being Ae Aickness of the plate. 

Q. cc - ^ ; Aat is, Q== ^ > 



Fig. 67 
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fou'./rtoirorilicjiwier.al. “fnil ea Jj.c.ur, or liio (s^Kuni tj 
(e iVr 'rr''''rf .! 1 sq. cm., I cn 

‘n.^' ^'. 1 , ’7“ 7' A«o,c.U.. cm.-» C.-* 5rc.'->' 

./ iS A‘™” 1 v'r;' - /*- 

.. ... .. 

.»d I...C of ni„ or 

“of".? u”'CV"„‘; ‘’,;"'j ;» -'■ .i< 

rr 

J.,.^n,l, „« 1 , ,,„ D„ c„,„l„.,„,y„',''',,f'i;"^' 

tlic jiatiofwr> Mate a callcl il.e %-ariahi,. r preymui w 

each h>cr nt,v,fbi »f,n,c » cT r^,« . I 

tc.t.f>rn>iure ir!uM ,u,J n 

talc- place. and cofjyvrwon of heat 

In the catiffblf tiiu. ihe rair nf .r./-^.... r 
not cmlr on (he tJ.mnal cond„rtn-,,v 

r^r,/c Lral. «h,cl. ,5 die qnan,,/> «fV„, «» •« 

of the tuUunee ihroiicli nnn icmnrrai,.rr^ nn' 

rc.achini; anv ponion of ihc n>d wdHSLmd on 

livity, iHit the rtfc or irmperaiurr rroc^./ h. .. "'riduc. 

«ill (Iqxnd on the •prviftc heat tif rti amount of heat 

ihe ttjiii'i^rr jij.'/ ,1 rp.ichnL quklly imt.l 

it n-.t h.^h, ,h« ^ oftl.e .uf^unee 

ihAl comm .alone » ne^esw^^ "'"'’unt of (J.e Isesi 

O'hrrh’nl Jh.t on tie 

ti.e. aa.iumr - I c.c . of (be material of (l.oVml. 

I..et rf den'ita ofihe rn.iienal rum of. -. i .» 

Ira. of .ht ru.c.di, rc.-"; i'rT™ ■',"" 

(>.,-..n.„,oth.j, T' 

I.C lu.c, Il,r.n, •„ ■«<■'“'• 
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That is, the rise of temperature during the variable slate produced in a 
unit volume of the rad is directly proportional to Ike quantity of heat reaching 
the volume, and so, la the thermal coaduclivi^ and inversely proportional to 
the product of the density and specific heat, Ikai is, the thermal capacity per 
anil volume. 

So, the rate of rise of temperature depends on the ratio of, 

K thermal conductivity 

d.s thermal capacity per unit volume * 

The ratio Kjd.s has been tamed by Lord Kelvin as dijjusivity 
(or thermomelric conductioity) of the substance. 

Taking the case of iron and bismuth, we have the thermal capacity 
of unit volume of iron {7-8 x 0-1 1 = 0'858) much greater than that 
of bismuth (9'8 X 0'03 = 0-294) and so, if we take a rod of bismuth 
and a rod of iron in Ingen Hausz’s experiment (Art. 137), the rate of 
melting of the wax (vide Fig. 68^ at the b^innine wUl be much lower 
for the iron. But the thermal conduedvity of iron being 7 times 
greater than that of bismuth, a longer length of wax will be ultimately 
melted along the iron. 

Thus, it is clear that both the thermal conduetmly and specific heat 
play important part during the variable slate ; but when the sationary 
slate is reached, no more heat is absorbed, and then the flow of heat 
depends on thermal conductioity only. Therefore, in comparing the 
thermal conducrivities of dilTercnt substances, we should wait until 
the stolionary slate is reached.- 

137. Comparison of Thermal Conductivity : — 
lagen Hausz’s Expt. — A number of metal or other rods, of the 
same length and diameter arc introduced into the holes in front of a 
metal trough (Fig. 68). All the rods are 
previously covered witlt a uniform coating of 
wax, and the metal trough is then filled vrith 
boiling water. Heat is carried along each rod, 
and at the proper temperature, wax melts. 

After sometime a steady state (Art. 136) is 
reached, when thae is no furtha sign of 
melting of the wax. It wll be observed that 
-the wax melts up to different distances along 
•different rods showing that riic conducting po^va of different 
substances is diftcrent. 

It can be proved from theoretical considerations that after tlie 
.steady state is reached the thermal eonductiaity of the different rods 
are proportional to the squares of the lengths of the wax melted on 
the rods. 

Thus, if ?j, et;. are the lengths of the rods, and if it,, k^, 

etc. are their titermal conductivities, we have, k^ k^ 

-.If -.If ........ 



Fig. 68 — Ingen 
Hausz’s Method. 
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N.B. Bsfore die iteady state mrliHf in the Itiem Hauv’» 
rxperiirent, heat difTiues through the djfTcrent rf>d< ni jilTermr rarn 
dcfjcndinij on the difTusjviiy- of the siitntanrcs and so the lime-rate of 
ihc melting of \%ax gn-et Uie measure ordifTutiviiy along a rod. 

130. Determination of Tliermtil Conducilvlt)' of Solid* t 

Tlie same melliod is not applicable (a all nolicb for the determi- 


ir.clalUc b.\n can be tompartt!, as already by !ngn» llan'i's 

methcxl 

Searle’a Method for a good Cooducior.— O 1'. C. .Sraric, of 
Camhndge Univenit). lias desiied the foUoMin? methrd for a gfral 
conductor lilc copper, hrsn, cic. supplied in the form of a l>jr nr lul. 

A tliick bar /? of (he *(XTimen n t.ilcn .and i» uell lagged lUdi 
Ia)m nf uool nr felt (fig. (»0) A chest /* fur p.awjng sie.am Is 
rtmstnicied amurd one end of the bar. Too Imles 1'. ami l{, (I (i« 
lU cuts, apart, am ilnllnl 
■nti> the bar .it ihetniddlr 
and are nilrd uiih incr* 
cury such tLst ihenti'M 
niricn instned imn iliem 
ina) be ill good thertnsl 
contact ssitii the sections 
«f the li.\r at f and It 
anil record their ictu- 
pcraturcs truly A copper 
tube C IS svonrid rinimJ 
the b.ir at the other rml 
J‘»(5 W-ev-aTie » apparsiut and v.ldereil to it. A 

steady (Iom of water ts p-as-sed through it, water entering at M and 
leasing .at A, and the inlet and oiiilec 'CfTipCTattirci of the water are 
tneaiufcil by means o( ihcTmometcr* introduced there. 

Steam 11 lurried on into the c.Vst when the four IlierTnorneftTS 
shoss- gradual roc of temperatures After some time ilie temperatures 
become siatinnary when tlic ifreij tisti (Art nh] vs teadvesl. 
Iteadings arc to lx: taken sfier U»* state is reached. 

Supnese die readirm of the four thrrtTinmetrn, as jli'nin in tl e 
fgiirr, from left to right, arc P,, fg. P,. P| 'li e steady frn, of water 
in the tube C ii eoIJecied in a tiealrr and •iipjx'ie n gtrs nf walrr 
are collected in 1 sea. Ibe tiire h rneasuretl l/y .n iiopwatch, 

If Q»squint'ity <4" hrat flowing t!irf«igb dir 1«r jirr srr. at d<r 
steady state. 
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'■Q.=’n{9^—Q^!l, where and 6^ as already stated, arc tempera- 
tures of the water at the outlet and inlet respectively. 




where £':=thernial conductivity of the bar, ' 


.d=arca of cross-section of the bar, d^distance between E and 
H, where the temperatures arc 0j and dj respectively as already 
stated. Hence K can be calculated fitim the following : 


being known. 


all other quantities 


the equation 


Examples. — (]) 1/ eendKimly <f sanitUta if if'0027‘C.C^, units an^ if the under- 
ground Umliaatuie in a itndiloiu disoul ineieaut I°C. for 27 meliis ditiinl, calculnU 
tht heat lost Jitr hour Sji a squan Idlomtire of the earlh’i turfite in that ditiriel. 

' We know that, Q,- . 

H^e,A'-0-0027 ; A-l sq. kllomeire-IO* tq. nieuar-10«> >q. cn». ; 
rf=27 metres - 2700 cms. ; <-3600 seo. 

O.OQ27xlO'^^lx3600 _3.e^,,,^,^^,^ 

.N.B. , The area given in _sq. metre must be reduced to sq. cm., if the value of 
thffmal conductivity is given In e.G.S. uniB- ' ' , 

' C2) An iron boiler I'25 eras. Ihiek conlnins water at almsphetie frestun. The healed' 
Bstfaee is Z'Ssq. metres in area and the temperaUae ef lie ttodemde is I2(7'C. 1/ l/u Ihermel < 
eoMuclivily ofiran is 0'2 and the latent heat of eeaporaSim of water 53C. find the matt of welei . 
aeaporated per hour. (fat. 1930, ‘41 ; R. U. 1946) , 

Kefe,'A'«a'2 ; .^=2'SxlOOx 100 sq. eras. ; : 

9i=120'C. : fija»100°C. ('.' The boiling point of water, at atmospheric pressure 
13 lOO^C.) i 1-60x60 secs. ;.l=l-25cms. 

The latent heat of evaporation of waters 531, f.e. 58S calorics ofhc.at am required 
to evaporate J gm. of water. Therdbr^ the number of grams of water evaporated 

by 283 X 10» calorics of hcaf-?^^i5* ,-537313 gms. '> 

(3) The absolute eonJuctivilji if sibser it 1-53 ; itt spedfi heal is 0-056, and its dercM\ 
is 10- 5. Find (i) the thickness if silver plate I sf. an. in ana Act wald be raised in frm/irro/iirr- 
through l°C. by the quantity of heat tnmssntited hi I second through another plate ofsilier of. ’ 
the sane area and I cm. thick with a diffemee of lemperalme of 1°C. between its opposite faces ' 
(li) the rise of lanpeiature produced in a plate of silver I sq. cm. in ana and 1 cm. thick by the i 
same quantity of heal. , 

(i) Let ,T cm. be the thickness cJ the first {date, then its ma5s=*x 1 X 10'5 = IO'5i'J 
gm. Therefore the quantity of heat required to raise the temperature of -this niass f 
through I°a = 10-5*X0'056 cal. , 

' Vol. 1—31 ' ' ......... 
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t< "Kith flovrt ihnu^h ihr Kcond pUie In I Kfon«]«*l*i3 cO. 

fltncT tOStxO^JC-raj. 
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(i>) Ln #'C.be i.S« I 
In tlic plait of vlxt t tq. 
\rf (‘S3 caLof hcM.tiita 
I S3.Ma«.ia5xO<»G> 


•u« or ifnptTiture pmluercl 
CTO. In arra and I eiB. iluck 

t. ;. #«2-C*C. 


139. CooductlHty ef IJqalils and 
Ga«c« 7^ 


Eapt. — Wrap a copper Mire round a 

P iece ot ice to ihai it nuy link in Hater. 

'lace (hit in a tni tube and pour iratcr in 
(lie t«t lube (1 IS*. 70). Now )»cat llic upper 
part of tlic w.iter wjth a lUme. It mil l^e 
lound lint H-atcr can be t>oile(i at die upper 
part without melting die ice. 

Lir]uidt art f^cnerallv Unci conductors of 
Ite.M, but n/taitj is a good conductor of heat, 
and it an exception 


Tlte eonduett’.'ity of Raset (excepting lijdrogfn and lielium) It 
extremely low and its dctcrminarion it complicated by the cfTects of 
convection and r.adi.ttion. 


KO. Ccnvrctloni— Wlicn liquids and gates are beated, the 
heat it carried fnim one part to anodter 1^ die enual mt^em of 
hot particles. These movements ante from the 
dirrerrflce in tempcratiiT* between dvffcfetit psm of the 
same tuUiancc. When ilie lemper.Murc at tome 
pan of a liquid or gat increases, it eauira a reduction 
m demitv. and the hntter portion being lighter riira, 
its place being taken by the colder and heavier portion 
from the sides. Tliui, convectioii eurirnts art 
set up which can easily be visible by heating some 
water in a fiwk in which fame eolounng mailer u 
kept at the bsitom of the (latk (Fig. 71). 

HI. Gsaveetlon Curreats la LlqitldB 
Conveeiion curre its rnav alio be illuttratcJ by the 
«pparatui shT«n in Fig. 72. 

Expt. — A fUlV B f Rg 72) and n reservoir A open 
at the lop are connected by two gUn tuVn All and 
Cf). AD rum from the top of the flask to the top of 
the reicTMiir and CD runs Imm dic battoRi of the Task to the bottom 
of tlic rnervoir. Tlic whole apparatus it fillnl with wairr. The 
water heated in D ascends along the tul>e Alt and tlic cnlJer water 
in the upper vesiel I'Cing ligbter rtint down the tul'c CP tn fill the 
place. Thus a circulaiicin it set up and finally all die water rrad.a 
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the boiling point. Tbe motion becomes visible on dropping some dye 
into A, when the colour can be seen travelling down 
along the tube CD. 

The above experiment illustrates the principle 
applied in the hol^waUr ktaliag yslem for buildings. 

In this case, a pipe rises from the upper part of the 
boiler to a reservoir at the top of the building and the 
downward pipe passes through a number of metal 
coils placed in various rooms and ultimately enters 
the boiler again. The water, in circulating through 
the pipe, is cooled and the heat is given out to tlie 
rooms. 

This method of heating illustrates all the three 
processes of transmission of heat, viz. conduction, 
convection and radiation. It is by conduction that 
beat passes from the furnace to the water through 
the boiler j it is carried to the interior of the pipes By 
convection, and the whole system is a good example 
of a continuous water coiweclion airrenL Heat is 
carried to the exterior of the pipes by conduction 
and it escapes into each room from the pipes and 
coils by radiation. 

142, Coaveetion of Gases : — The ascent of smoke up a 
chimney is a familiar example of convection. In the same way 
convection currents are produced in the chimneys of oiUlamps. Hot 
air above the fire rises up the chimney, its place being taken from 
below by cold air drawn from the room. Thus, a fire helps to 
ventilate a room. Winds are caused by convection currents in the 
atmosphere. 

Warmth of dotbings. — The warmth of clothings depends to a 
biTge extent upon convection. A loosely woven thick cloth consists 
of wool fibres separated by air spaces. The heat of the body trying 
to escape to the outside must do so either by the zig-zag paths among ' 
the fibres or it must go through the shorter and more difficult path, 
partly through the non-conducUng fibres, and partly across the air 
spaces, by setting up convecrion currents. Tlius a loosely woven 
cloth is really %varmcr in cold which is at rest, than another cloth 
having the same amount of material but closely woven. The air 
should be at rest, otherwise the heat of our bodies will be lost by 
convection. For this reason closely woven cloth is necessary for 
people exposed to strong winds, that is, for aviators and motorists 
who can use leather cloth. So, our ‘warm’ clotlies are not really 
wanner than other objects in the room. 

143. Ventilation : — The ventilation of a room depends on , 
merely establishing convection currents between the outside air and 
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ihe air in the ronn. The follawini* expcrimetit 
wilt illustraie ii : — 

EKpt. — PJ.trc a canJtc on a s-iiicer and 

pour water around it (Fit;. 73], I’ut a lamp 
cliinincy o\Tr ilwcamilc. 17ie llame after a while 
Roes out M no fresh air can eet in from below, and 
tiirough ilie tides of (he chimne>-. 

Repeat the experiment ,jid intrwlure a piece 
ofT-shaped metal, or carddio-'inl tlieei, down iJir 
ctiimney. Tlic candle continues cn bum. Thut 
is because thcT-pleee iad divided tip the chimney 
into two Italv'es, one for up-drauRtit to Ret rid (>f 
hot ^ses, atul the* other for tiavsn-drauRht to takr 
in fresh air. The existence of these two nirrmts c.in W shown b) 
holding a piece of smouldering paper near the top of the cJiitnncy. 

(a) CoBcUtioaa necessary for proper ventlUiion in » 
room.— TJie dungs necessary for proper teniilation ofa room are— an 
outlet for the warm and impure air near the top of the room, ond 
an inlet for die cold pure air near the bottom of the room. 

(b) Chimney.— Tlie draught in a ehimnry of.m ordinary lamp 
or over a furnace u due to conswiion. Tltc heatni air and smoke go 
up the ehltnne). while fresli cold air enters nt the bottom nnd diui 
a convection current u set up. Tlie drovc^; is due tu the 

in- weight iKtween die cold air outside and the Int air inMde the 
chimney. Ibe taller the chimney-, the greaerr wJi be thu dilft-rencr 
in weight and so the greater will be the draught. .So the ficTorr 
chimneys are i^U. flut tall chimneys will he nf no arlvantn-gc unlro 
there is enough fire at the Imiioin to lerp tlic gai iiot all the tray up 
Irt order lluxt d»c descending eurrenis rrwy be prevcrtfcd, narrow 
chimneya are better tlian wide ones 
. |c} GaS'&Ued £lectrie X.anips^— The iicat of the riiaments of 
n g^niied elrcirlc lamp, whicli contains a small quantity of some 
inert gas. such as argon of nhtogen, » carried av.-ay to Uve uppei 
part of the bulb by meatt* of convection current set up by the heated 
fdamoit. r\s the heat from the filament is carried away, the fiUmeni 
can be rat^ to a higher temperature without any riik of rneluny 
than if surroundal by a vacuum. Uesidea llin, the convreticci 
currenu have anodier ailv-antagc ; they carry ti lliC lop of the bulb 
the tiny metal particles of ibe gradually dwintegraLng filament wh,rh 
cause the lilvrkerirrg of the lamp, 'ilius as Oie bl.vcktivjng, winch 
would otherwbe take pbec over the entire inside turficc, it prcvenlexl. . 
these Lunr'v l-vit lotiOTr titan tlve vacuum type does (ciif Qi. VTll, 
J'art VIll). 

141. Natural Pheuomeua : — 

AVInds.— iV^ds are due to convection currmti set up in tli< 
ocnswpherc arising from unesjual beating due to local rrJVma. 
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La nd and Sea Breezes. — Convedion currents account for 
and sea breezes. 

Sea Breeze. — During the 
day time ]and becomes more 
heated than the sea, firstly 
because of its greater absorb- 
■ing power and secondly due 
to its lower sp. heat. In the 
evening, therefore, air above 
die land being more heated . • 

rises up and colder air from , • i 

: over the sea blows towards F‘S- 74 {<j)— S ea Breeze.: •, ; 

.the land by convection, caudng sea breeze jTig. 74(a)].,. : i::-. 

Land Breeze. — Since good absorbers are good radiators (Art.' 151), 
during the night the land 
loses more beat than - the 
sea. Sp. heat of land'being 
lower, the temperature- of 
the land-in the- early hours 
of the morning. will be lower 
than . tliat of the ' sea.' So 
convection currents , of- hir 
Pig. 74(i]— Land Breof. ^vill flow from ; the f- land 

towards the sea [Fig. 74(^)], causii^ .what is called the land breeze^ 
Trade Winds.— Heated, air over the. tropics rise up ’aiid cold air 
“from the north 'and south moves towards" the' fcquatdr,. but 'dwii^g 
■to'the rotation of the earth from west to east, the wind gets h res'ultsuit 
velocity in the north-eastern direction In the northern- hemisphere 
and south-eastern direction in the soiithbro' hemisphere'.' The 
first is known as norlk-east hade wind and the other as smith^asl trade 
wind. ’ , 

145. Distinctioa between Coadactioo) Convection . .'and 
Radiation : — (I) In conduction and oonvcction' heat is .propagated 
in a material medium ; while in radlation'np assistance of matcri^ 
medium, either solid, liquid or ^is, is essential and, heat energy 
passes through a vaccum, without {Reeling the iemp_eTatun df.tKc 
intervening medium ; but conduction and cmivcction raise, the- tem- 
perature of the medium. In conduction .there is no transference, of 
material particles, while iu convccticoi the heated particles bodily 
. move. ' ' ,, 

Heat energy s transferred to us the sun through thousands 
•of miles of so-called vacuous space where there is no material medium. 
So heat is received by radiation from the sun. We also receive 
heat by radiation from a fire or any -other hot body. If you-hold 
, your hand below an electric lamp., your hand will get warmer. . This 
isnibt due to conduction, for air is a bad conductor bf’hcat, and it'is 
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*Iso not due to conwtion, for a oonvceti'on cufrcnt jiK-ayt hai 0** 
lendency to move upi^’ordi. So it fa due to rtdiation. 

, .J2)_ A body cmiu radiation in aff Artxtiant and in itrefght li'w 
^le in other pnxeseo it fa not * 0 . Tor thfa rcjaon. a icreen, placed 
between the souree ef heal and any body, cut* ofT the racliation. 

_ (3) TransTerence of heat by riHi.ilton takea place almoet 

lartenMnonu/ri tihilc the other procesva are compaiaitvely rwfi iL>u<tr. 

Radiant heat travefa vdtJj tlie velocity of light, i-t. 1,86,000 rnilo 
per Jceond. 

liS. hfatnre ef Iladiatloa /^cl/r tnrrrr) :«3Mien we iiarKl 
before a fire, >ve feel hoL It fa obxioui that t*e do not get heat from 
the fire by conduction because die air medum fa a bad conductor; 
also the eonveetlan eurreitts cany hent npu-artfa and bring cool air 
from around to the fire. So the heat we feel fa not due to convection, 
/^in we know that we get sotnething from the tun and fire that carv 
gii'e rfae to icautinn of heat and tometimes of light. Thfa tome* 
thing fa called taduitan. Radiant energy rcachet ui from the iiin, 
a dfatanee of about 03,000,000 miles, in about 0| minutes only. Ttie 
atmosphere, which turrounds the earth, doe* not esiend Hpw.^rds 
indnuiniiely. How then, the radunt energy fa communietied to ib 
I ram the sun ? To explain thfa. Kientfao lave auiimei! the estitenrv 
of a medsam, c.alled the rtSrr, which \\ a \*rry drht.aie medium and 
which ti present everywhere, et-en m the intentiees of the moiccula 
«f even the liardest tolkfa, just as air fa present everywhere hetwren 
tbe leaves and branches of a tree- 

just as by disturbing the surface of water in a pond wasea ett 
be created, which spread outwards from the point of doturbancr, 
so transverse waves are ereaced »n the ether by the rapid vibratson of 
the molecules of a hot body, and t!*e*c wave* pass outwanfa in all 
directions with the velocity of light (1515,000 mile* per see.) IVlica 
these waves arc stopped by a b^y. the irolccules of the l>ody are 
made to vibrate, producing heal in the body. Tlitrc are ton* 
substances wltich allow these wavo to be trans.-niitcd ihrough tlwma 
These are called dla^tfaesvaanoiis Substance* 1 while the oilirr 
rubstanca which do not allow the waves to pan through them, are 
known as a<Ua>tlierman«a« or a-tberraaneua *ob»tance«. A 
vaeuurn fa perfectly di.i-ihermanout. Dry air, rock talr, carbon 
bbulphide are alio good dia.ilieimwous sttljiiincea. IVood, date, 
metals, etc. arc adu-theimanous. The Utter clau geit heateil by 
aloorbirg radiant energy. It fa ta be noted ll«t ra/la’j hat or 
radiation, itrictly speaking, u nal hat ts tl/ tr^st uv K’lirr/fas^ if, tut 
fa rv»tr trAifA tr,^ aJsetfrrd ttrtoii h^s r-a-rfriU xiutj at ha^ 
Cbrui; irc.vil it is esf/ lie euojy cf tii mere trUd /aJVJ ctrKgK Cv 
^ rthxT, 

H7. Radiant Ener g y : — ^Any Ibrm of energy iraMmitted by 
vr-g-sp a ©f ether wave* fa called rvrgy. These edicr wait* 
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differ amongst themselves in fr e que ncy (n«. in the number of vibra- 
tion per second) and consequently in die wavelength, just as there 
are small ripples and big waves on the surface of the sea. 

Waves of different lengths produce different effects. Very long 
ether waves carry eleciro-magnelic wooes energy, and they are used for 
the transmission of wireless messages. Waves shorter than these 
give us radiant heal and still shor&r waves affect our eyes, which we 
call light. The waves, which arc sdll shtwter, or rather too short to 
affect the eyes, can produce thertdeal action on photographic plates- 
These are ailed Ultra-violet rays. Still shorter waves are known as 
X-rays, and waves still shorter than the X-rays are Gamma rays 
which are given out by radio-active substmiccs. 

A hot body at a low temperature b not visible in a dark room, as 
it emits only heat radiation. But at a sufficiently high temperature 
it becomes visible, when it emiu also comparatively smaller waves, 
which can excite in our eyes the sensation of light in addition to that 
of heat ; so, at a high temperatute, it emits both kinds of radiation 
(heat and light). As water waves are produced by the vibration of 
water partides, so the ether waves arc produced by the vibration of 
ether particles. Vibration of ether particles of certain degrees of 
rapidity produce mainly heating cffecu on bodies on which thc;^ fall ; 
tvhile certain othets of higher degrees of rapidity can moduce in our 
e^es the sensation of li^it. Longer vvaves arc produced by slow 
vibration and shorter waves by rapid vibrations of ether particles. 
For example, vibrations between 3*75 X {red) and 7‘5 x !(?* {vioUt) 
times per second producing ether waves of approximate lengths 
between 80x10"® cm. {red) to 40x10"* cm. {oiolet) can produce the 
sensation of vision. This is the range of Imninons radiations ; 
while the frequencies of actinic radiations, wliich can produce 
chemical changes are higher than 7-5 xiO^* times per second, «.e. 
beyond the violet end of the ^ible light. So heal and light are both 
forms of radiant energy, and the difference beUoeen them is a difference in degree 
rather than in kind. The waves producing thermal effect, and which 
do not affect our sense of vision, vary in lengths between 80 X 10"® 
cm. to about 0'03 cm. These arc called Infra-red waves. The waves 
which are smaller than 40x10"* and produce actinic effects, i.e. 
produce chemical changes on plants and certain salts of silver due to 
which photography becomes possible, are called Ultra-violet waves. 
These vary in lengths between 40x10"* to 1x10"® cm. Waves 
smaller than these arc popularly known as X-rays, the wavelengths 
of which vary between the limits I x 10~* to 6 X 10"'® cm. There 
are also waves shorter than the X-rays which are known as Gamma 
rays. 

On the other side beyond the Infra-red region there are very big 
radiant tvaves which do not affect any of our bodOy senses. Very 
long ether waves whose lengths may range up to several miles i;j 
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|cno\*Tt M at’flfst wa\T< Hic nirclnt wivn c-in, Ii'nvrv'cr, abo 
be small ; c^Tn uas-w t>r)ra;ih 3 cm*, have l>«n usexj in wlrtle^. 

148. Instrumrau for Med 5!«a«nrine Tbrrtn*] 

RMdUUea ; » t> 

(I) Ceber ^rmosro|M‘.-.- 31 i« ether ihermo'rope 75) 

- cotiiaini snme quantity of rulourei) etlttr aisil ether wp^mr. 
a chemical suWtantc. ihe stVxde of tlic air ftttnt 
tuiving b«n exptllcil lirfacc scaUin; t!ie inwniinetit. One 
of the bulla ii ciMtet] with Iain{>-tilack vhich ii a ixTfect 
aljuifbcr of thermal radiation. ANTiett ifienttal radiati'in Ctlb 
or the black bulb, its lempcrature, .nnd et»nirqMently that 
I A of *he containetl vapour, rtse». This increaies the pressute 

I ▼ of Ihe vaMuf on the ether iiwhIc the bulb. Hence tl'c level 

II ^ (he eihcr in the black bulb >s pushed dmvn and dui 
in the other bulb ruea. 

Tut 7V- 

btaerTher- (2) OilTerential Air Tbrrtnoscopr.— Till* v»at first 
Italic. It rotuisu of a glati tube l*eni iv.ice at 
riebt aos'«. terminatinj! in tvvo equal bulbs ronWintns Atf Tlie 
lube ccnuins coloured sulphuric acid up to a certain heir, lit and the 
quaniity cf air in the Imttn is mi .adjiisinJ that the liquid standi at the 
aame levrl in ilie luo tulies uhrn U.th the bulbs are at the same 
temperature. For a sliehi difrercnce of lempeniiufe cf the air In the 
bulbs, there u a small difTemirc in tr\e( of the Lquid due tn the 
cx|vinsion of air in the siartner bulb, xluch deprrstes tliC liquid 
column neami to it and rapes ilsat m j>e other. 

(3) Tbrrtnopilr. ~Thnit A STrysensilhe rlertfinal initmment 
inir Volume 11) txlitdi Is used by all mntiern caperimcrtters 70) 

119. nadixnt Heat aad Ligbt compared r*-* 

(A) SiirUlaril]'.— 

telUirKtiifu 


At the lime of an eclipse of she Sun sshen the moon comes dirrcily 
betMcrn ihe sun and t)ie cariJi, it b seen that lic-at and h^ht frum the 
sun art cut oiT at the same snstaai, shtiviini; tivat he.it i.wl l.’M 
enerpt traw! esTfj-vhere vt all directions and "iih t.*>e wrsc sc.’ocisy 
(ICO.yjrj rnilrt per second). 


<2) Ta f.sri Ijzi erJ li;<J f»ar»/ »s sli«-»l{ 1.'.^!. 

Tv.->i v.-'.f'dm scsTOTAise takjcn, haxvr:^ a. srTu.ll U'.Lc on the ttiKldle 
Ilf raelu Thrj’ arc arranged parallef to each other, and a reibhot 
CrtTl-hot’ at alwut 523*C) metal ball is plaml oppo<i'e to ih' l.o!e 
I'f foe uf the soTcent If ntiw the lamp-lilark-cvia'M b*i)b of an ether 
si.erTn«»<T>p«r (Fi^ 7j}, or a thermopile (I'i;- “ft, be placed far eviay 
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from tbe other screen and opposite to the hole in it, it will be observed 
that, when the two holes are In the same straight line with the ball, 
the thcrmoscope, or the thermopile, is greatly affected, while the 
effect is very little when the two holes are 
not in the same sffaight line. This proves 
that radiant energy travels in stra^ht lines. 

(3) Heal rays can be reJIecUd in Ihe 
same way as light obejing the same lam ,as 
in the case oj light. 

(a) Rejection at a Plane Swfau . — 

Two tin-piate tubes arc supported 
horiaantally in front of a vertical polished 
tin-plate so as to be equally indined to the 
plate. Now placing a hot metal ball near 
the end of one tube, and a thermopile, or 
the black bulb of an ether thermoscope, 
near the end of the other, the instrument is 
affected. The effect on the instrument 
■will be much less when the tubes arc placed 

■ •unequally inclined to the plate. It will be 
■'fotmd that the effect is a maximum when 

the tubes make equal angles on the opposite sides of the normal to 
the reflecting plate (dd« Chapter IV, Part III). ‘ 

(A) Rejlecticn at a Concave Spherical Surface. — If two large concave 
metaiiic r^ectors {tide Chapter IV, Part III) are placed co-axially 
fadng each other at a little distance apart, then the blackened bulb 
of tbe thcmoscopc placed at the focus of one of them will be seen 
’ to be greatly affected ^ a red-hot ball placed at tlic focus of (lie 
other reflector. The diflWence in effect may be noticed by displacing 
the reflector a little towards the thermoscopc. 

(4) Heat rays can be refracted in the same way as light, and th^ they the 
'laws if Tefraction of light. 

The rays from tbe sun, ca bodi the heat and light rays, can he 
concentrated at a point by means of a convex lens, and a piece of 
paper placed at the point may be easily ignited by the heat rays. 

A better effect will he obtained by using a convex lens made of 
rock-salt, instead of glass, as rock-salt, being dia-thermanous to heat 
rays, absorbs only a small percentage (about 7 per cent) of them, 
tvhile glass absorbs a considerable amount of heat rays. 

(5) The amount of heal received per second per unit area of a given surface, 
i.e. the inlensily of radiaiion, by abserpHon of thermal radiation emitted ‘by 
a source of heat at a constant temperature, is inversely proportional to the square 
of the distance between the source and Ae absorbing surface. This is known 

■ as the Inverse Square Law. 
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j , . (*) Hmtsslw *nd Af>&oT^vn(* Powrr* of a'Sarracrl— « 

lUtclite** Espt.^Tlie aj^wratw combm oft^o c^Jindfical metal 
vesieb C and D filled with air and connecsed by a ftlan tube >>ent 
twice at right on^lei in \»hieh tome coloured liquid b.-u l<en placed 
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(Viq. 73). A latRc cylindrical \-coel vJB M rup* 
ported between C and D, live nirfacei A and 
C' are cavitcd waih (amp-black Mliile the other 
liirCicrt H and /f are polulird. l\^lrn Afl i> 
filled up Milk boHiA? Mater, the Iovt) oi the 
coloured liquid i» found to remain the lame, 
as hick ihoio that C and D are at the a-tme 
fcmpcranire. Tlie ficc A emils more than t!ic 
flee B, but the black free C alonrlrt more iHan 
the poliihed face I>. M the IcnyI of the liquid 
' temairvt U»c tamr. it flioul lliAt one \YV«l p.ain 
a much heal cncivy at the olhcr, i.e. Ihr r^uivr 
fv:r<T u tfnet to tkt /oBvr. 

lamp-black !> the best alnortier, and 
'the nnlithed metallic tufftee the unrtt alaorber, **« conclude that 
now mlMOfbeeu «e« 1to«d 

A liody which alicorLt all U>e radiaiioat incident on it it called a 
'poHVctly black Itody*, nr tirnply *a black tioiJy'. A Uatk at 
any temperature einita full t-atlJaUoo /I>t thr temperature. A 
lamp-bhack surface tlioupU not a perfceily black body h the nr-arni 
approadi to tuch a body at it emiu or abtotla almut 07®5 of the 
ruiation. 

{!») nadlamrfer,— Tins tenJlitiT initrumerit wnt dctiqfifd ljy 
Sir SViUwm Crookes fur ihedetreiion ©I heat ritlulinn. It ttinittit 
of a plats bulb /I alm<Mt completely evacuaicd ll'ip. It baa 

n>ur tliln aluminium vanrs r Caticncd to a iirlital 
axis aJ»)ut wtuch they can rotate (reely Ore iiirfarc 
of cacJi t-anc it coated uidi toot while the other » 
poiuhtal. 

Tlie ptr«ure ©f air inside the bulb Iwlng Iww, ll>r 
Rwlcoulm ofair h.vc liettcr freedom oTcnotJoii. It’hrn 
heat radiations fall on the stiiicr, the hlick surfirrt 
absorij and radiate more heat th^ the britrht lurfucni 
and to air molreules eoiliiUn!; with black surfaces 
acquire hir.her kinetic cnertp' andrelnunrl w«h fjrraler 
velocity than ilu** from the liripht surfaces, 'llmi 
orry push receisrd by a black s^ace from the air 
moJeoules is more rii^roiis and so it reeeda, at a 
result of wtncli tiirir sines tntaie in a ditetlioa 
opposite to live direction of heal radiauoa. 

Tile iratrument b so smrjtnc i!wt rsTii a bominij 
maleh rdek lield sriihin a few inekm from it will be 
sufficient ta rotate the vanei. 



152. Selective .Absorption of Heat Radiation. — ^Different 
bodies, even when at the same temperature, will radiate, as, also- , 
absorb, heat differently, and generally, bodies ^yhich can reflect heat 
radiation very tvell, arc bad absorb^ of heat. For example, bad ' 
Ttfeclors like lamp-black, ashts, etc. are good absorbers of heat. It takes I 
less time to boil water in an old kettle covered with soot than in a , 
new one which is polished. The soot absorbs heat better than the . 
polished metal and so water boils quickly in an old kettle. In winter, 
ice and snow kept beneath the ashes melt sooner than the icc and •, 
snow which are uncovered, because ashes are good absorbers of heat. 
Good reJlectoTS suck as polished meiats are bad absorbers and also bad Todustbrs • 
of, heal. ■ 

153; Some Practical Applications of Absorption and - 
Emission ; — -In our everyday life wc require for some purposes good - 
reflectors of thermal radiation, while for other purposes good absorbers - 
are necessary. A tew examples are given bclotv. Vessels such as 
tca-pob, calorimeters, etc. which are meant for retaining their heat • 
arc made tvith polished exterion because polished bodies radiate less ' 
heat. For coo^g purposes vessels should preferably be black tvith 
rough exterior. Black clothing is preferred in winter as it absorbs- - 
almost the tvhole of the heat rays falling on it and thus becomes warm, 
wiiile wlu'Ce clothing is more suitable in summer as it absorbs very ^ 
little ’of the sun’s ' heat rays. ' The advantage of the white painted 
walls and roois of a budding is that they keep the building Wafiher 
in winter and cooler in summer than if they were painted with-a 
dark colour. In order to cool down hot liquids quickly it is better ; 
to use a black stone vessel and not a metal cup ^vith polished surface. ; 
Dry air absorbs very little heat radiation. It transmits nearly the • 
whole amount of heat radiation falling on it, «. it is a dia-tkermanous t 
substance, while moist air absorbs heat radiation to a great extent. Thus, 
the moisture of the air helps us in two ways ; it prevents the earth .• 
from .becoming too much heated during the day time by absorbing.,- 
sun’s rays and also from becoming too much cooled at night by 
absorbing the radiation escaping from the heated suiface of the earth. 
We know that clear night is colder than a cloudy night as 
clouds are pariically opaque to the long heat rays radiated from the surface 
of the earth. 

Water transmits only 10 per cent of the incident heat radiation 
and alum transmits less. But when alum is mixed up with water, 
the transmitting power of the latter is increased. ; 

Gases are bad radiators of heat ; so fire bricks, tv'hich are good - 
radiators, are used in the construction of furnaces in which the hoi-- 
gascs.arc made, to play, on the fiic-biicks, which are- heated by contact 
and then radiate the heat fteely. 

; (a) Green-House.-: — If Is an example of seiccdve absorption off 
heat by glass. The amount of heat transmitted through a mbstance- 
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tJepentls upon ihe temptraiure of iJic tourte of timt 5 for nampV, 
riASS tnmJmiti about 50 per cent, of heat v.hen tirf heat ray* come 
from a lource which is ai a high fcntpcmiure, f.g. the lun, or a hot 
fire. CliSt it Aita'Viffn&iaut lo heat ra^t when ihc lourtrc !t iichiw 
100*C This u why heat acrutnubtn in a gtccn-hoatc. the Rlati 
windows of which allow rays of l»cai from llic tun lo paa ihruueh 
them. Tliesc mya heat the objects, Lt. the plants and ground iMide. 
but when the boJia inside, which are etidently at « trmper.nture 
below lOfTC., radiate their Iteai, tlic glass windows do not allow it to 
pas out. Glass thus serves as a bep (o the lun^hcams. 

A glais fire Bcreen U alto an example of the above nrincipte. 
It will absorb most of thermal radiations fallinf; on it, white only 
a small p.vt is traRsm'ittn) alon^ with (lie luminous portion. One, 
therefore, will see the fitt wliile tntieh of the heat n cut off. Otdinary 
{fair not only the long trfta-ttd acta but also the short 

tifira-R9frf ustrer. It baumitt only the vuuble ligM tMtvr. A 
special kind of ghtss lias, Itowetxr. been made wliich esn irarutnlt 
infra-red radiation. So these arc used for camera lenses for long 
distance photography. 

Qssitt flat and I'lU (Icsi transmit uJtra*s-ielrt portion of the 
radiation and they are often used for wtndow.panes Irt hoipiiati, 

fb) Tetnperarnre of the Mood'# 5arface>>»Like glass, water is 
dU-thermanous to radiations from a hot source, but adia-lherrrurous 
to these from cold bodies. This Ciet has been applied to measure the 
lemperaturB of the surface of the momt. ft is known that the moon 
reflects thcsun'i radiation) and also cmics its ow-n. Tlicse tw-oclilTrrenl 
types of radi.'itions h-De liccn »cp.iratcd by p.assing tliC radlatinni 
(iirough water, when she tun's radiation will be trarumlttcd, while 
those from the moon wall be absorbed, by caletiUting the amount of 
which the temperature of the moon’t surface can be determined. 

151, Radiation ryrometrjr Ii has been luicd in Art, 15 that 
very high temperatures can be measured by a tysicns of roc-isuietncrii 
Lnown as rifiB.'uin {yro~vb^. Ily ihii tyttctn very hir.h tctrpcraiurcs 
of bodies like ihc run or oihcr hra\-cftly bodies at great distances or of 
furnaces, can be measured from the radabon emitted l/y them. 

155. Devfar’*«na*W ftliermoa-TTarIt or Vacnam FlatV] S— 
It M a flask in wliicJi Ion or gain orheat llirough conduction, ennvretion 
and radiation lias been rcducetl ti» a minimum. Ii b used for keeping 
B Iwt liquid hot and * fold Vitjnid «W1 for a good fwjsth dl trune. 

If coru'fts of a doubjc-wallcd glass r«i.sk ^i^r on 

a spring .y within a mctol or woodra easing C. i» mouth being closed 
by a cork isopper A. The space between the Rai* and the ouier 
casing C fa prtKrably packed with a Beft-coodHctfais mstesvU D He 
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■felt. TTie space between the two walls of tiie flask 
is exhausted of air by pumping out the air through 
the nozzle at the bottom which is finally scaled 
off. The outer sxirfacc of the inner wall and the 
inner surface of the outer one arc silvered. This 
vacuum belt around the liquid in the flask pre- 
vents any loss or gain of heat through conduction 
and convection; while radiation is reduced to a 
minimum due to the silvering of the surfaces. The 
non-conducting packing of felt reduces any sharing 
of heat by conduction through tlie walk. Conduc- 
tion, convection and radiation, the tlirec passible 
modes ofexhange of heat bong guarded, the liquid 
remains almost in a state of thermal bolalion and 
it thus maintains its own temperature for a pretty 
long time, 

156. Heat Loss by Radiatioa The rate at which a body 
loses heat by radiation depends on (i) the temperature of the body, 
(>i) the temperature of the surrounding medium, and (th) the nature 
and extent of the exposed surface. 

Newton's Law of Cooling. — The law stales that the rate af lost 
qf heat from a body is proportional to the mean differenee of temperature between 
the body and its surroundings. 

Verification of JVewlon’s Law of Cooling. — Take some hot water 
in a caionmeter and note the temperature of the water at an interval 
of one minute for a period of about 20 minutes, carefully stirring 
the water all the time. Now, note the fall of temperature for a small 
interval of time, say, 2 minutes and also the mean difference of 
temperature between the water and the air of the room during the 
same two minutes interval. Calculate the ratio of the fall of tempera- 
ture during this interval to the mean difference of temperature, and 
repeat the process taking the fall of temperature at various stages 
all over the period of 20 iiiinutes. It will be found that these ratios 
are practically equal. 

As the mass and specific heat of the liquid are constant, this 
experiment shows that the rate of cooling of the water is proportional 
to the mean difference in temperature between the water and its 
surroundings. This will be true for any other liquids, and this fact 
was first expressed by the Newton’s law of cooling. 

i^ain, taking two or three calorimeters and recording the time 
and temperature as before, it will be seen that the amount of heat lost 
per second depends also on the extent and the nature of the radiating surfaces. 
The rate of cooling does not, however, at all depend on the nature 
of the liquid- 
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^06 ixTXKMrPuTi, ciinscs 

DIicaii!ois of Noviton** Xjity of Cooliag.— llie alM)%-e hw ' 
appljts %shtT» a body cooU in air »ioe to lews pf heal hy radiatiun and 
conwiion only. Morro\CT, as Nruton espressj) stated, the Uxlj 
must be ‘•«3< in tbit cif, iat »i a tir.tfam ncrrtrl ef ok". 'Pal U, tUe 
law applies to cases of lefts of heat under raJiabsi ati faFi.-«rws 
and don not apply to natural comcctinn as In iilll air. *1116 law ts 
true c%-ei» for large dilTerenca of temperattire proviiled tlial there is 
a linifortn curreiil of air in Nvliirli the botly b pl.terd, as in furced 
convection, Jn naturai Comeetion of air, the rate of Imi of he-tt by a 
liody, i| m.sy be notrtl, b projnrtkjnal to the {:h poster of the 
tempcr.ihirc oifTcrrnctt. 

In the labortttory generally kc apply N'es»t(in*» law of cooling to _ 
Uie pise of A ealonmetcr plaeetl in still air. 'Hic jiisfillcalinfi, if any, 
n tliai the error In doing so u quite stnall, if the icriiperatjrr 
ilifTcrcnee is im.-ill. 

I5(i{a). Preeost’a Theory of Cachangr* :~A h»t laHly gives 
nut Aet radiabani and a cold Ualy €pU ftfAo.'is'u —these sscrc the ideas 
until 1792. IVhen a ni.nei scanin before a Mock nf Ice, lie feeli told 
Tliii ocetin, the people In old d.sv* ihoticlit, ai reW u^rt raJu!/J 
Jig^ Uif itt Tlie true eMsIananon r.nine in 17W when I’revnsl of 
Ceno’a p'opounded hu i'lieory of nscliances. Aemnlini' i<> this 
theory, uhich u also the modem cnneeptinn, a Imly whrthrr 
ligt or cold, gives out only one futm of r.iili.tuons, namely heat 
radbiion and itteae are raduted at all iinm {snividril the temperature 
of 'h< body b above 'he absolute *e«s, irtespecuve of the ptrsepcr 
of other bodiea ; tnorwer. tlie higher the tetttperature, the greater 
b tlsc amount of radutioiu 

Let la spply ihb tlienry to on enclceure in vshielv stippoie, twv 
liodics »t difVrrent trrnperaturea arc pl.tced. laeh vs ill radate mit 
Iscat arcordmg to its wn temperature independent of the other and 
again will receive heat lieing placed to the held of rarluiiori of tlir 
second. Tlic one iniually hotter of the tw*! Rises out iimrr heat Ihiii 
It rceeiva svliilc the colder Rivca out leu hr.n tlcin it rctrives. As a 
result of eschange of heat, the boiwr falls in lempcraiure .md the 
colder gains in temperature until a comnum lemprraiure u aitamed 
by both. IVe tlicn say ihat an rnuibbnum lia.i reached- liven v*hets 
ilie trmpeiatorc is rqual'ised, ine eaelianffe d«>e* not stop, earh 
tcccis-es as much heat from tlie oilser M it itself gives out. 'Ilif 
equiUlsrium is a one. Tise theity appUrs to any tiviinbct of 

Itodiea at difTerent tcnipcriturea at a time. 

3n the ea-ve e>f the m-tn and die kc-Woek, ns a inuU cf the vliffer* 
entlal tfTeet ores.ehan!re of heat between them, die man on the wf.rje 
krtcs more heat vlule he stands bcfirre the iee-b!o<i ihAii fer’erly. 
svlileh trulca hun feel cold, while U:e iec-bloek gala* l-eat «o*l 
gradually tr.eJa down. , 



TRANSUISSION 




497 


157. Air-conditioning : — It is the art of securing and maintain- 
ing the conditons of human comfort in an air enclosure. The exact 
conditions which produce a comfortable and healthful atmosphere 
differ from people to people and season to season. The findings of the 
Amerkun Sociely of Heating and Ventilating Engineers (ASHVE) liavc 
led to the following recommendations for America — 

(i) Percentage Relative Humidity of enclosure — 30 to 70 ; 

(ii) Effective Temperature — 

(a) between 63® and 71®F. in winter ; 

(b) between 66° and 75°F. in summer ; 

(j'ii) Ventilation Requirements. — The air must be kept fresh and 
free from all odours, notably tobacco, food and body odours. Its 
carbon dioxide content must be also low. Odour and gas should be 
controlled by diluting them to a harmless concentration by introducing 
sufficient fresh air ; 30 cu. ft. (10 cu. ft. outdoor fresh air plus 
20 cu. ft. of room air) per person air movement in the room at a 
velocity of 15 to 50 ft. per minute b necessary. The corresponding 
data for India arc yet to be collected. Engineers use regional data 
of their own in the diflerent parts of the country. 

It will be noted from the above tliat the essential factors which 
have to be controlled, besides any impurity liable to be present in the 
air, arc the relative humidity, temperature and ueiUilathn. So, to secure 
the above ends in India, a scientific Summer Air-eondilinning Unit must 
arrange for cooling of the air, deiiumidifying (lor in summer liiimidity 
is high), cleaning of the air and adequate ventilation, while a Winter 
Air-conkilioning Unit must arrange for heating, humidifying (for in 
^vintc^ humidity is small), air-clcaning and adequate ventilation. 

Summer Air-cooditiomng. — The cooling coil of a refrigerator is 
put at some chosen spot of the enclosure. By means of a suction 
pump fresh air is drawn through a filter (for removal of panicles 
of dust, smoke, etc. which are carriers of harmful bacteria) from one 
end of the coils to the other end, thus producing the desired circula- 
tion of a current of cooled air. If the moisture content of the roont 
exceeds the comfort limit, it b precipitated on the coils and is drained 
out. This is de-humidification. The speed of the suction pump and 
rate of cooling of the refrigerator coil are adjusted by automatic 
methods. Tiic load on the plant depends on the season and the 
amount of heat leaking through the roof JUitl walls. For air-condi- 
tioning, therefore, a room carefully designed with suitable materials 

Winter Air-conditioning. — A heating coil (an electric heater or a 
steam-piping) is installed at a suitable place. By means of a suction 
pump fresh air passed through a filter b drawn over the heater 
-Surface. Humidification b accompanied by trickling water on to the 
surface of tire heater or by passing the steam pipes through a pan 

Vol. 1—32 
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coMaifting waltt. TlirTt ate automatic nrraiuirmcnu fur adjiutrrmt 
of tlic lutc of Iie-attJi;:. tuclin? of air anil Siij!pl)uii; \*atrr f..ir 
humidification to Lcrp ilicin comfort timiit. 

Only the most elementary principles of air eoadiiiortmj h»»'e i>eea 
describwi al>o\-e and the descriplinn arc only 

Qiieatlona 

t. Diuiirjii'i (onJi>ftK>-t and conrreium rf heit. Ill ntrair lie 

rlineTrrccUy ejuioplei (tl. U. Il'ir. VS, ’IT j lUe. PW) 

? Poini eiiii the <3rK>,n wrap In which a hoc Uijv miif |,v lu heal \Vt4l 
ncthnilj «roalJ yoj aJopl O toWc l>ae rare ni wliKh heal ii Iwl in rich of ihiw 
•'*y* t (U U I'Jil , Tai. I'/JS) 

3. Dnilfipunh bet wren fnnjwciicin, cneneeUan ami raihilion r-t treat, ftewt’re 
njwnmrru in itlosiriie tl.e ilnuMtweo. (l-ai I'HU . tj. liar. -JJ) 

5 Of whal irnroctante arc theae (refer <a «hr irreMnu oivniinr) In iatvi-i>e«;Ir 
driernliauani ami wtisi arrare'meno wOwlJ >c>>i male ta rbrniniir ihrir elf'cti f 

(I'ji i«:.trv3) 

S tVhai art the ilifTerml m<ihmlr Cre the irarnminl-m of l>ral fwn pJnt In 
roiat f CJearfr etpIaiA (heir d>fTeeene« »i(S latulrlr nam'lrv 

(u u IV.) I , 'SI 1 i’41 tom 
C. Can r» Imil wiiee in a p>7*t ««mI f If p. hme ? (Uiial, ny>> 
7 FaiiLun lehr irairr un te twieii in a eeurl maJe of (fin [Vf^r 

(til. U lOSl) 

B, If vou iaiieh a nieee of iron and a pirre ef nooul Irme eirranl (a il r leal 
«f (tie iun. ahich feels hrxier and why f (liar. IV}» , Pal lOfS) 

9 0« a<oU dtv % piece of rerwel and ap.*ee ef iron, when it»vj<he«i with (Intsret, 

appear (o be ((ilfrrmi ai dilTeemi lempreaiuem, ihixjEh a (hrrmrrmrtrr ptarrxl 
aisccewivety aciinM each eteci the tame rractm^ ttew do vva acoeant far (tit, 
and liow wi»uH you ytrily your rtptanaik'Mt lay e»feiMi»e»>l f (Tsi 

to. Ctplairi lilt worhin|| nf Darri't Safety tamp (C. U tOTO) 

1 1 How wilt you s-how etpertmenuUy ihai difTcrtnc »ia!»»aneet hive il.fTcTml 
eonduct-riue, ? (Pal lOJJ. HI) 

12. Stale Imeflr how you would comrore njwttBienu'ly ite eomlactJvrn'o erf 
a ft*) pf copper and one oi lod, (<- U • 

IS O-ftne Ihermal eortdanisiry llnlaia (be ataterrwmi chai ihe iKermjl 
ConJacti.iiy of glass ii O-OCJ CCS oaXv (AIL t>M . 1/ p. P 1311) 

14 TSr nppcwnt fsm of a lobicat l.loth p' Iron of tTtwt-tet'lwt a ^ eosi- ate 
Ifpl in eooiJCI wiih tiesm and m*lii-*s lee PeiermJne ihe nuamlir of me ovrlmi 
at the end of 10 ntmtnrv the cond.sew'riiy oClroo twin* O'! f latent Lest of me — Cn 


l-lr., SWrtvl 

IS rind ihe diT'tro t t }i ten if oi j Oare bcfwTTo 
' - S jci;?ii» 0 2 C.CS units, when u 


ig 0 2 (latent Lest of me — Cn 
(fat 1315) 
e lw» ll'l-s of a Irr.ler plaie 


(Owiueiivpiy ed IroowOV , Uirni fceal pTateam—MO rab /jn ) 

r.4af 9J2VC1 (U. PCIV'at) 

17. fT-Jiin hm. heal f» pea / ta^ted llfoosh a g'ren letdr ty cne«l*tr-»i sM 
Om eoeCewriefeanduCtotir. (UU. l>J.f 
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18. Calculate the amount of heat lost throi^h each square metre of the walls 
of a cottage, assuming that the walls are 42 cms. thick and tiiat the conductivity of 
the lualcrial is 0-004 C.G.S. units, that the temperature is I0°C. higher than outside. 

[Ans. 9-5 cals/see.] 

19. Find how much steam per noinute is generated in a boiler made of boiler 
plate 0-5 cm. thick, if tlic area of the walls of the fite^diamher is 2 sq. metres ; the 
mean temperature of (he plate faces 20D“C. and I21FC. respectively, the latent heat 
of steam 522, and the conductivity of the steel plate 0-104, 

[Am. G0321-8em3.] 

20. Heat is conducted through a slab composed of parallel layers of two difTerent 

materials of conductivities 0-32 and 0 - 14 , and thickness 3-6 cms. and 4.-2 cms. 
respectively. The temper.-ttures of the outer faces of the slab arc 96“6'. and 6°C. 
Find the temperature gradient in each portion. (Pat. 1937) 

[Ans. 6-67^C. and 15-24°C.] 

21. A cubical vessel of 10 cms. side is filled with ice at O^C. and is immersed 

in a water bath at lOJ'C. Find the time in svhlch all the ice will melt. Tiiicknes 
of vftueluiQ-2 cm. and the coe3i:i«ni of eoaduciivity wO-02. (U. F. B. 1948) 

[Ans. 12-22 secs., assuming density of iec=0-9l67 gms./c.c.) 

22. Spheres of copper and iron of the same diameter and of masses 6 i 7 are 
both heated to 109*C and placetl on a slab ofparalRn wax. ?l is found that copper 
tlnkt in more quickly than the iron, but in the end the iron is in level with the 
copper having melted the same amount of wax ; give on cxplcnalion of this, 

(Pat. 1933) 

[Hints.— Copper has less specific heat but greater conductivity than iron,'] 

23. One end of a metal bar is hexed. Indicate cicarty the factors on ivhich 
the rate of rise of temperature at any point on it deoends. 

(Pat. I92S : All. 1946 ; R. U. 1049 i Utkal, 1951) 

24. Two mctil ban A and D. of the same siee, but of (lirTercnt materials aria 

coated with equal thickness of wax and placed each with one end in a hot bath. It 
is nnind that at first the wax on A melts at a greater rate than that on B, but tliat 
when a steady state has been readied, a greater length of wax has been melted on 
£ than on A. Explain this. (C. U. 1941) 

25. Define 'thermal conductivity’ of a macerisl. You arc given two mctai 

rods of the same dimensions j desenbe an experiment to show whicli of them hal 
the higher thermal conductivity. (Uikal, 1950) 

26. Explain ‘eenduciivitv’ and describe a method for determining it for a metal. 

(R. U. 1948, ’31) 

27. Explain why we get land breeze during night and sea breeze during day. 

(Utkal, 1947) 

28. Discuss as fully as you can, the grounds on svhich we conclude that radiirt 

heal is but invinble light. (C. U. 1912, ’33 ; r/. Pal. 1929) 

29. Describe an experiment to show that the intensity of the radiation at a 

point due to a given source is inversely proportional to die square of the disiai ce 
of the point from the source. (Utkal. 1951) 

30. Describe an cx 


lent she 


that thermal radiations 


CHAPTER IX 


MECHANICAL EQUIVALENT OF HEAT : 

HEAT ENGINES 

158. Nature of Heat {Caloric Theory) : — 'fhe old idea as to the 
nature of heat t\'as that of a tveightlos invisible fluid, called caloric, 
which, according to the supporters of tlie caloric theory, is present 
in every substance in large or s mall quantities, rendering that subs- 
tance hot or cold. Tlie fluid is, according to them, to be given up by 
a hot body \vhen placed in contact with a colder one. The heat 
produced by compression or liammerii^ was explained by supposing 
that caloric rvas squeezed out of the body like water of a sponge. Again, 
the heat produced by friction, as for example, by rubbing two bodies 
together, was explained by stating tliat in addition to the caloric 
squeezed out, the thermal capaaty of a substance was less in the 
potvder form than when taken in large masses, and lo the particles 
did not require so mucii eahrie to maintain tlie former temperature ; 
80 some heat tvas given up which raised the temperature of the fine 
panicles and the rubbed bodies. 

Rtmford’s Experiments. — ^Thc first blow to the caloric tlicory 
tvas given by Count Rumford in 1798, while superintending the 
boring of cannon at the Munich Atsenal. He observed tliat a large 
amount of heat was developed both in the cannon and in the drill, 
tvhich tvas apparently unlimited. He arranged to revolve a blunt 
drill in a hole in a cylinder of gun metal we'^hlng 1 13 lbs. by which 
the temperature rose up to 70®F., though the weight of ilte metallic 
dust rubbed off the cylinder was only 2 ounces.- It occurred to him 
that the only other source from which beat could be received was air. 
So in order to avoid the effect of the atmosphere, he repeated his 
experiment by surrounding tlie cylinder %vith 2i gallons of tvater 
tvhich began to boil after some time. It appeared impossible that 
such a large amount of heat could be liberated by such a small quantity 
of borings by a mere change in thermal capacity. This heat, he 
argued, could not also come from the water ; for -water was only 
gaining heat. Rumford observed that tlie supply of heat produced 
by friction was unlimited, and he stated tliat anything which could 
furnish heat without Ibmtaljon could not be a material substance. Heat 
^vas, according to him, not due to something material as tlie caloricisls 
thought, but a kind of modoo. 

Davy’s Experiment. — The final blow to the caloric theory ^vas 
given by Sir Humphrey Davy who rubbed togedier in vacuum tivo 
pieces of icc, which melted to fonn water even when the initial tem- 
perature of the ice and its surroundings ivas 29°^, i.e. bcloiv the 
freezing point. Davy states : “From this Experiment it is evident 
that ice by friction is converted into water, and, according to the 
caloricists, its capacity is diminished, but it is a well-known fact that 
tiic capacity of water for heat is much greater than that of ice, and 
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ifc mint Im-c nn nlmluic tjuaniity »>f heat aiftlet! to fi !>erofe if cari 
rrvcU. Tnchon cunietjuemly doc* not dimlnl'h the cajucitio fur 
heal." 

In tpiie pf ih«< ex{>et«r»>en« tetentiUi coniiniie^l to tofjwrt the 
raliric until IDJD, »«hpn the Pynanikal 'nipory <if lifal waj 

e<tal>In!ietl hy the r»jw»;mrnt> iif Dr Jinile tiT Al-im licsfcr, uho rot 
only tlial he^ t h a fcirin of cnet^v, lull also fuuiitl the ct.tcl 

relation bclueen heat atul methamcal cnerj^. 

Siitce then it ti now ljelie\c«( Uiat ItCM i* a f<»ffn of ener;^ 
fjovewttl hy a l»o;ly tiue lo the nvXion of tij indteeiites. The joofc 
rapttj the inalecutaf imtiun, «lie luiticr n iltc Itotjy. 

159. Heat and Mrehanleal H'erk ll it nelllnosti (hat 
vlicn too I>o0ips .are rtil>5>etl acaintc e.aelt nf)>er, IiMt «» prixlnced. 
U It poxUicetl ttt the evpeti'e <if the «.orl dotve. Svinil-vtU, olven a 
bo'ly. fallutt; ffiim .a hri^lii, jtrilra nsjainu |)ie (;r>>iiriil, it l.wi lu 
hineiie enetw aeqtiirecJ tlunn:; ilie fill, i.liieh it cornerted into he.al. 
Cofttenelv, lie.ai enerey t» imnd into work in the c.ate uf n 
iteam *'r tntrtTvil en^ttte It'C w sleivvTd 

in (lie cate of ilie iiram tngme front (he coinhmimn of cr-ai nnti in 
the r.aac of (he iiiicni.al ciMiitmaiion eiiijine ftoni tJiR rotiibLalioii of 
pctrul, g.ai or oil mued up nith mr. 

r.vTrv eacliit hnp"a th.ai at the itfite ©I puntpini; ilie rijl>ei the 
pttmp (jrotva hot Thrt w due pardv to the fuct'on uf the ps.’oa 
a^.aimt the it.illt nf ilir rvlinder, lint chic/ty to the f.KI that the ifiviarti 
motion of the piitnn i» iranderrcd to the moleculea of titr eontifitt 
mio eonl.aei ttith ii, nhich ».a» the elTeet of irierr.aunt: Die tehteiiy 
of iheic molee»d» lli«e nutlcrolea eolltdin? "»d» il.r Mlvanviiuj 
piimn reltound nnh tnereated aelocity atrhich u a<> pirai Itoi the 
temperature of ilic mats of f;.i' .at ffC , t»hei» compressed to cne-MIf 
of its former volume nteS to about OT^C. 

Sht^U-f sUn, ruitttOrs ore alw) other Interr'il'-e erampln. 
Tniese are pieces of matter, cold to Leein with, \.!uth ate ailractni by 
tlic earth Tltcy run ihri}iit;li tl'C atinonpherc v«ith luch etierrn'iiis 
•peed th.at there ti rapid romprenion of cates in the aiinotpliere and, 
as a result of the nxirk done, ihe n*e of temperature «t ui l(i-’,ti that 
these pieces of matter liecome luminota, anti atry often bunt a-»ay 
alio^eihcr. 

Aeam when a pal ii made l» eapand ludilertly, it coolt <!<7t*Tt. 
TTili ihsv>s tlui the work it done at the cxpcr.sr of the heal drawn 
from the cat luelf. Wlten a loiuid eaaporatn. it ctmlt down. The 
work of etparuion due to stsporuatwn h evidently done here at tlve 
crat of heat energy of the Iic|umL 

The above facts indicate bcjsind all doubts that heat and woik 
are intimalely related to each other. Tlie oact relation between 
them was esiabUiiied by Dr. Joule’s operiment and is at foLows : 
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Whenever work is converlei into heat or heal into work, one is equivalent 
to the other. This principle of equivalence is otherwise known as 
the First Law of Thermodynamics. 

160. Mechanical Equivalent of Heat : — According to the firet 
Jaw of Thermodynamics, as stated already, whenever heat is trans- 
formed into work or work into heat, one is equivalent to the other. 
The amount of mechanical work eqaivaUnl to unit heat is known as the 
mechanical equivalent of heal and represents only die rate of exchange 
between these two forms of energy. Thus if IV and II represent 
respectively the mechanical work and heat when one is wholly 
transformed into the other, and J=mcchanical equivalent of heat, 
i.e. mechanical work equivalent to unit heat, we have W=JH, from 

fV 

the first law ofThcrmodynamics, or J ^ . 

The mechanical equivalent of heat is represented by J in honour 
of Joule who first determined its value. 

The Value of J in diS'erent Units. — 

J=778 ft, -lbs. per B.Th.U. 

=778 X ■I =1400 ft-lbs. per C.H.U. 

1400x30-48x453-6x9Cl , . r.. 

= 453^5 ergs per calone['. Hl.=30'48 cms. 

and 1 lb.=453'6gms.] 

=4’186 XlO’ ergs, per calorie 

=4*1 B6 Joules per caloric [v 1 Joule=10’ ergs] 

The most approximate value of 7 is taken to be 4-2 X 10’ ergs per 
calorie for ordinary calculations. 

161. Detenninatioa of J t— 

(a) Joule’s Esperiment.— The first exact determination of the 
quantitative rela- 
tion between heat 
and work, i.e. the 
mechanical equivalent 
of heat, was made 
by Dr. Joule in 
1849. 

In Joule’s ex- 
periment work was 
expended in churn- 
ing water con- 
tanined in a calori- 
meter and the heat 
produced was 
found from the re- 
sulting rise of tem- 
perature [Fig. 81). 
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A specially ron^iniclccl copprr fal.iTcinrtrr C nuuainitis M.iicr 
«a« iaV«i ITii: 

I'oiir (Lirtitj >!i< I' imini- 
( } ali> at »ul»t I'l rarh 

f.^i=y Lt=[fnf / \|/ „\ r<>uM 1)C nitaiM m v«.itcr 

Q ..-. — I ^ 1..^— ^ ^ »piii<![c, iltr jptiullc 

|f“b3 V /1\ / ■’ >'•' 

l!=JPlff=iy V / \ y r uJ..cl, 

jm ) [ . r-^ ilinw!;!! ijxim ruf «n the 

•wtiou.try tanct.-ini) coiiliJ 
'* '*• iimi HJ'iile la a v^ay 

f'c Th’ -Joul'-i <,jiW>ni'i»T tuml.tr m a Wry luntmv' in 

(he ^^.lrl^ ofa loci.. Hut 
arrancemciit pretenretl (he tt.iter from rutairtl m the (hrcrumi 
of 111? {wddle nnH ttai at a result tlioroiichl) chwfnrd Tu jirrtrni 
flic cntitlufljw of heat alone the niei.il Jpnuili* I ir tt.n iiitrrru|itn| 
at // [Tie IJIJ by a piece «if Imx-tttmJ A winxlru iJrmu /) fninl ttuli 
a tiirmne Iitnilie // u fitcO <mi the >piii<lle /. 'Hip ilnini cuiild lie 
(let.ielictl frcifn the tpindir bv jne.tiit of a rriiiin.ilile jsiii T .\ 
flrtilile nud patv<l rniind ilie woudm «lniin .tiul iti ivo e«J» i*rrr 
taknt tu upptnite tiijea of the dniin ami <Aer uit itoi lari^e 

pulleto /• at tbitwn in the liettre n»e atlrt yf thete p>i!!n' v»pie 
ptacetl <m fnction tsbeeli to tUmiottli friction "tlie pullett («ine<{ 
eclua! ueielitt .1/ hunc l>v strtuct tcuund ruuntl tlie atin Hie 
liciehd of tlicv Mfislitt from iJie i.'roiifwl l>eltm rogitl l.e retil from 
tcriical tc.ilc .S I he moiHoi of tlic pvldle ts.it pfritliirnl liv 
alloome (lie oriehtt (<> fill Ilic pin T coiihl l>e r|iii(kJ« mmiinl 
•ind tlrC ori.;litt M wouml up aeain liv (urtiitu; the h.itiilJe // without 
rrttiliine the p.iilclle Hir f.illHrepcrminit »3i rrju-jtcil a immlier 
of iiinrt .tntl the trtiificmiure of ilic tuter rrcnrilnl at immali Vo 
tnr.int of a mprewry tVirniMimeirt 

Calculation. — In ortler tn produce an apprn i iViV nw of 
tpimyr.iiure, siipp<t>e the HCiehlt are rarvnV and jlliwnJ m fill 
teterat times 

!>“( ei ma't cf tvairr in the raSurimcicT tf rom of p.uVi 
vnsVil , k- bciclit llinmcVi uhich e4rhtipi.{Vn f>lW ■ niinitwr i>f 

fa!U , 

• f- water rquvv.tleni of the calottrifter . 

* t.-'e cf t.er\’,>eia.tvi're t'iCv.MCt \rv the ca? •tio nn 

. crPiciii .iKiuirn! In tV.c ora rrul.mc ll.f youu.d 

I'lilrniutV energy ifi the ranrtl p'dli 'ii, f r !>oih il.c 
eshu. ".Vf{y 

Kinetic fiifriry jutt lef»re Itnluft^ tfiC prirund Z ■'Jtf.’ -.tf.*. 
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Total energy used =n(2AfgA— eigs : and heat produced 
= {m-rw)t cal. 

. j _ n{2M gh-Mj^) 

H 

Errors and Corrections. — 

Joule bad to make various corrections in order to get a reliable 
result. He made an allowance for the energy converted into sound. 
Corrections U’erc also made for the losses due to conduction, 
radiation, etc. and for the energy absorbed by friction. 

Tlic defects of his expt. -were : (1) Joule, on the autliority of 
Regnault, assumed the spccdlic heat of water to be tlic same at all 
temps. ; (2) the mercury thermometer, he used, was not calibrated 
with reference to any siundarU thermouieler, such as a gas theniio- 
metcr ; (3) the rise of temperature attained in his experiment was 
very small. 

The final mean result of the value of / given by Joule was 7734 
per B.Tli.U. But by later invesligations, it was found tliat 
Joule’s result was rather low, and the accepted result today is 778 
ft..lbs. per B.Th.U. 

Importance of Joule’s Experiment. — By finding Uiat the value 
of J is constant, i.e. the rate of exchange between heat and work is 
constant when one is wholly transformed into the other, Joule estab- 
lished the equivalence between heat and work [First law of Tiiermo- 
dynamics]. This equivalence is independent of the way in which the 
work is derived or the means by which the transformation is effected. 
In a way thus he proved the law of conservation of energy as 
applied to the special case of heat and mechanical energy, and this 
proof forms one of the strong foundations on which the universal law 
of conservation of energy rests. 

(b) Searle’e (or Friction Cones) Method. — The apparatus 
(Fig. 83) essentially coiisisls of two couical brass cups A and B, one of 
svhich fits closely into the other. The lower 
cup B is fixed on a non-conducting base 
tvliich again is fixed on the top of a vertical 
spindle 6'. The spindle can be rotated by a 
hand wheel or a motor. A circular svooden 
disc CC is fixed to tlic inner cup A and a 
string wound round the circumference of the 
disc passes over a pulley and carries a suit- 
able weight h' at the otlicr end. When the 
cup B is rotated, A is prevented from doing 
so by the tension of the string, and the Fig- 83 

speed of rotation, tvhich is counted fay a 

speed counter, attached to the spindle, is so adjusted that thetveigbt 
II'' hangs stationary, the tension of the string acting as a tangent to 
the disc. Notv, the tvork done against friction bettveen the surfaces 




IVTTJUIEOliTE 


icc 


cf t)ie c\ip4, ie. the mcclnnical tnrrcv. CrtriN-ertn! inirj heal ANhich 
risa ihc teinperaiurc of ific aip» and a InoAtti tmaa of n-nier nken 
in .1. A ihmnomejcr dipped in A frcoriU the ri*e i» tPfnpcfature. 

C-itruhi'n’} — !?cre Tor a sirad^ ftnpeniirin the monirni of the 
SAxmt^c friciion f.>ree F iicuvem die ctipA ii filial to the niotnent 
due tn the force A%hfrc Al i» tlic of the v,cirlit. n>e 

farmer “-r v,e, vliere c w Ihe rr.cAn radiuA t>f ihc ol the c\'pA 

Avfiich arc »rt contact. So, la »-» tXffKr, A«firfC r it the indiiit of Itic 
tiisc N'ois. the MnfV done in er^jt fitr ctcfi rettilutlon »j3ru x/'. 
For fi re\-ciJiitioni, the «otk =r?rr?/'. 2-f‘Mgr erp. 

Ac-ttn, ifrt be the ma« oftt.ater in ihc cup, ii- the «-aicr equivalent 
of the eiipii, and fC the nv in icmpcraiuie, llic hc.nt dctrlujial 
by miaiion, //« (« +it')t calories. 

IJcnee, the nediantca! equiv'atent. / «» (nVwW caJnrfe. 

Oihrnvfte thus.— TJic work c.an be ealctdaied #iso ilnw Tlie 
vtirk done Tor n turnt of ilir tp.ndle m overtnniiriK the friction 
between the cupt u the ume .at nouhl h.ive Wen ineni iT the ipincite 
and die uuirr cup It hid lieen kept tt.ationirv sivi the inner rt;p A 
had been made i» rotate by the ivt , H’f tT»k»iiR n tciuluiiuns 

of the (Iitc iIomI/. 

Tlte mediamcal irotk done r» (force xdutince') •» Mg x 2ntii. 


j work dune 2an Af(> 
lic.ai dc'clopcil If 

Uadettion il the chief tource of error m tlict upcrimetit to reiiuce 
tthich (he cup] mult (>« bri-.;h<ly {•olnhed. 
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200x500x981 xn5-6) 
500 x0 03x 1-4 


ergs per calorie 


=4'2 X 10’ ergs per calorie (nearly). 

{d) Electrical Method . — Vide Current Electricity, Ch. V. 

(e) Mayer’s Method of determining J. — Mayer used the 
relation Cp—C,~R!J (vide Art. 82) in 1842 for the determination of 
the value of J before its first direct experimental determination in 
1849 by Dr. Joule. 

It is known that 3 c.c. of Mr atN.T.P. weighs 0-001293 gm. 
Therefore, the volume occupied by 1 gm. of air at N.T.P. is, 
ra«l/0-(»1293 C.C. 

Since the normal pressure is 1-013x10® dynes/cm.^ the value 
-of M for 1 gm. of air is given by, 

I-013xlO« I 

273 ” 273 ^O-OOlSS’S' 

Taking the value of =0-238, and C#=0-17 for 1 gni. of air, we 
have, 

. R 1-013x10® _1 

“ 273 x 0-001293 ^ (<r238-0-17) 

=4-2 X 10’ ergs per caloric. 

Another Relation. — ^Thc kinetic energy of a body of mass m 
■moving with velocity , 

Heat developed H when the body meets an obstacle and stops 
suddcnly=mi/, where s is the specific Kcat of the body, and t tlie rise 
ia temperature by the impact. 

Then, H cc kinetic energy oc |mti* j 

or, 3H=\mfi-, or, \ 



(f) Determination of / by Condnous Flow Calorimeter : — 
Callcndar and Barnes’ calorimeter consists of a wide cylindrical 
glass tube EF, the middle portion of which is drawn into a narroiv 
■tube, cc [Fig. 84(yl).] In the two wider ends, E and F, are introduced 
■two copper cylinders and Dj, between which is stretched a heating 
wire or a spiral of nichromc wre passing along the axis of the narrow 
tube, cc. Two pladnum resistance thcrmometcis PP, are inserted 
in £)j and for the measurement of the steady temperatures of the 
incoming and outgoing water in B and F re^ectively. For flow of 
water through the tube B cc F, ah inlet, o, is arranged in E and an 
outlet, b, in F. To reduce losses due to conduction and convection 
from the hot water in the central tube ec, the latter is jacketted by 
a vacuum tube, which in its tum is surrounded fay a constant 

temperature water bath. This water bath ensures a constant rate of 
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Then, 


V.i^i 




(2) 


From ([) and (2), 

Hence assuming the value of the specific heat of ivater, / ma)’ 
be determined, 


(3) 


The advantages of this method are ; (t) As the temperatures 

are steady there is no question of thermometric lag ; (2) The water 
equivalent of the calorimeter is not involved in the calculations ; 
(3) Tlie radiation correction is eliminated from ttvo sets of ol^scr- 
vations. 


Examples. ( t] Haw mttth tuwk is dmtt in snpfiirmg heal neui’ar^ la eonaert JO gms. 
?/■ icc at — J’C. into jleam, at 100‘C. (^. heat of lee^OS; J=4‘2x 10’ ergslcatorii). 

(All. 1917 i R. U. 1942) 

(a) Heat necessary to convert 10 gms. of icc at — O'C. into ice at 0"C.= 
10x0'5xS=23 cala. (6) Heal necessary to convert 10 ffms. of ice at O’C into 
water at O’C.slOxOOwOOO cals, (r) Heat necessary to com'crt 10 gms, of water 
at O’C. Into water at 10C)’C. = lOxl0O=l00fl cals. (J) Heat necessary to convert 
10 gms. of water at iOO’C into steam at IOO°C-~IOxS3C<^S360 cals. 

Thn total heat norrssaTy=-"7IH5 cals. 

Work done /X//-4-2xl0’x7l85 crRs=J 0l77xI0‘i ergs. 

(2) If a had bullet be jurfAnJv stepped and all its energy empleyed to heal il, with what 
lelocily must the btilltl be fixed in erder i» raise the temperature through lOO'C., the spicfic 
heal ef lead being 0'03I4- 

Let m be the mass of the bullet in grams and s its velocity in eins. per second ; 
then its kinetic cnergy^mi>*/2 ergs. 

And heat produced if when ilic bullet is sloppedKmxO'0314x 100 cals. 

4'2xlO’-^-”-r{tnxO-0314xlOO) j whence t-»» 102-407x10= ems. per see. 


nearly. 

(3) A Uad‘ball dropped fiorn an aaoploat ale tetnfteratiire rf I Just melts an striking 

the ground. Supparing Use whole ef ill ktnetk energy a cotaerM inu heal, find the height nf 
the attoplane at the moment at which the ball is dropped (sp. hi. of lead=0'03 ; nifftiop eninf 
of lcad=350^C. ; latent heal of Uad=uSS ealories). (J’al. 1932 ; C. U. 195!) 

If h be tlie height of the aeroplane, the loss of polciitial energy of the ball 
=rex93l xA ergs. This is convcrtcal into heat, which fiist raises the temperature 
of the ball through (350— 15)‘’C., and then melts it. 

The total heat developed ^mx0-03 x335+«x3r.-mx45-05 cals. 

This is equal to (mX981 xA)-!- J ; so 4-2XlO’=98I Xmx/i4-(iax45-05) ; 
whence A = !9207-4616 metres. 

(4) If the mechanical equivalent of heel be 779 Fmt-Pomd-Fahrenheil units, from 
uihat height misst 10 lbs. of usater fall to raise its temperature by VC ? 

(Pal 1940) 

Let h ft. be the required height. Rise in temperature — 1 °C. ' ' ^ F. 


Heat produced Af=sl0Xlx g =18 B.Th-U. 
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Thus, the work done by a gas during expansion is equal lo ike product 
of the pressure and Uie increase in volume. Similarly, the work done on 
a. gas can Ije shown to be equal to the product of the pressure and 
tlic decrease in volume. 

Example. Horn muc/i lomrk is done <^dnu( tmform pressure when 1 gm. of water at 
iOO’C. IJ oanoerted inla slemt ? Express jour mall in calories. {.Ml. 1918) 

The pressure at which I gm. of water at lOtT’C changes into steam is 76 cms. 
of mercury. The pressure=?6xl3'6x98l dynes per sq. cm. 

When water is changed into steam, iu volume is increased I67D rimes. So 
the voljrne of steam formed out of I c.c. of water is 1671 c.c. Hence the work 
dQnc=76x I3'6 x981 x 1670 cigs. 


76x13-6 x 981x1670 


163. Energy given out by Steam : — The high value of the latent 
heat of steam shows that when steam condenses, a trcmencloiis 
amount of heat is given out, some of which is converted into work 
as in the case of a steam engine (uide Art 165). 

We have already seen that 1 lb. of steam in condensing at lOn’i?, 
would liberate about 965 B.Th.U. of heat, which would raise the 
temperature of 965 lbs. of water through l*F. Each B.Tii.U, is 
equivalent to 778 ft.-lbs. of work. So the energy given out»778 x965 
*=750,770 ft, -lbs. 

This means that the above amount of energy which is liberated 
by 1 lb. of steam is also derived by a masss tonsar353 tons 


(nearly), in falling through I foot. So the same amount of energy 
must be necessary in boiling I lb. of water into steam. 

We have already seen also that 144 B.Th.U. will be necessary 
in mclling I lb. of ice which is equivalent to 112,032 ft.-lbs. This 
1 12 032 

energy will be liberated by a inass=-~^ =50 tons (ntsarly), in 
falling through 1 foot. 


HEAT ENGINES 


164.' Conversion of Heat Into Mechanical Energy : — The 
transformation of mechanical eneigy into heat has already been 
explained. Now we shall deal with 'he reverse process, that is, the 
conversion of heat into mechanical energy. The machines by which 
this is done arc called Heal Engines, which include the .Steam Engines, 
Steam Turbines, Iniernal Combustion Engines, such as Oil or Gas 
Engines, Petrol Engines, etc. These engines are often referred to as 
prime movers because they develop their motive power directly 
from fuel. Obviously, an electric motor is not a prime mover. 

Boilers. The steam ermine is an external combustion engine, for 

the combustion of the fuel from which ultinialcly the motive power 
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is derived takes place in n separate umt, namely the bailer tshich is 
outside the steam cilindcr. By the heat of combustjon of a fuel, 
such as coal \khich is the most cominoB form of fuel used for boilers, 
steam is raised in the boiler In modem boilers there is arrangement 



Milii safely vaKci whirh pTmrel the boiler from developmerit of 
high internal piessutes detnmeuial to « 

Safety Valve. -An ordinary safen valse for a boiler is only a 
class III t>'pe of lever \ride -Vrt. 180 ui. Part I]. It eonsisu of a 
stiaiglii IcscT Fli pwoted at one end F [Tig CJi] TJie valve 1' is 
attached to the lever m some iiiiermediate point .1 close to F, Tlie 

1 £ ^ valve IS held down on its seat 

j‘I* atpjinst the upvvard steam pressure 
^ bv a rclaiitrlv sm-vll vs-eiglit II 

luing on tlie lever at the diitnct 
t I J ' r ^ "cishs stnd the 

* disianrc FB are so adjusted that i 

the atevm pressure acting upwards 
cvccetU a certain value, it 
iivcrccimcv the dovauvurd for« 
everted •»« the valve by the wetgtt 
Fi 5 OJ-Sjfrrv li'.md the valv f ooens up whereoi 

steam coiiunii<» t<> escape into the atmosphere until the pressure 
within the boiler falls to ihc normal 'slv'c v'hr-n the value closes again 



Regulation of Speed^The speed of an engine is liable to chance 
on change of load lo ensure j smooth tuniiui'; at constant speed, 
a de^^cc called a jo-rmir is 
cmploved It is a sclf-atlitig 
machincrv driven bv ihc mam-shaft 
of an engine and <.i»rttr««lv ihc Supply 
of power lo the pisiuii Ja the 
Steam engine it regulates ineVuppIv 
of steam from the ItiuJer pi> the 
c)lindcr / 

■^Vatl’s Gotcrcor. — The 


Fig. 85 illusimtes such a governor 
coratnunicating vvilh a throttle 
valve. A throttle valve is usually 


between the stop-valve 

and the steam-chest of the engine. 
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In the figure, a vertical spindle V has been shown to revolve by 
gearing with the engine shaft. So its speed rises or falls with that 
of the engine. It earrics a pair of heavy balls A Si B which are 
fastened to the spindle V by links pivoted at P. When the engine 
speed increases and the balls rise, they pull down the collar C which 
sides on the spindle V. The Totted end of a lever L pivoted at R 
is fitted on this collar, the other end being ultimately connected to 
a tap F, in the steam pipe, called a IkroUle-ualvc. As (he collar is 
pulled down, the Lap tends to reduce the opening for steam whereby 
the steam supply to the engine falls and the engine slows down. If the 
engine speed goes down too much, the balls lali and so the collar is 
raised and the throttle opens up allowing more steam to pass into 
the engine and the engine speeds up. 

The Crank and the Fly Wheel — It was again Watt who first 
converted the to*and-fro motion of the piston of an engine into circular 
motion by means of a connecting rod and crank. Fig. 87 shows 
a crank fitted to a piston by means 
of a connecting rod which takes up 
the motion of tlic piston and con- 
verts it into the circular motion of a 
shaft. TJie crank C is a short arm 
between llic connecting rod R and 
the shaft S. At the forward stroke Fig. 87— A Crank, 

of the piston the connecting rod pushes tlie crank while at the return 
stroke it pulls the latter resulting in a complete circular motion of 
the shaft. During each revolution of the shaft there arc two points 
when the connecting rod and the crank come into in the same line 
and no turning moment is exerted on die shaft. These points are 
called the dead centre positions. Again at two points the crank and 
the connecting rod are mutually af rigliC angles tvhen cJie torque is 
maximum. The torque on the shaft being thus variable, the speed 
of rotation of the shaft tends to vary in course of each revolution. 
A big fly wheel is usually mounted on the sltaft, which by virtue of 
its large moment of inertia {vide Art. 70, Part I) carries the shaft 
across the dead centre positions and by absorbing energy when the 
speed is greater due to greater torque during one-half of tlie revolution 
and releasing the same when the speed tends to fall owing to smaller 
torque and the next half revolution, serves to keep the speed of the 
shaft uniform. Thus it acts as a reservoir of energy or stabiliser and 
seeks to smoothen out any variation of speed during a rcTOlution. So 
itmay be noted in this connection that the function of a governor is 
prevent any variation of speed on change over from oneload to anotlicr. 

165. The Steam Engine ; — In 1768 James Watt of England 
invented the steam Engine («<fe life of James Watt, Art. 170). Tlie 
following must be the essential parts of a Steam Engine, though 
engines of today may differ considerably in details of constriiclion. 

Vol. 1—33 
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Tig 8&— Til* Steam Engine 


A (1) — Steajji is raised m this jiiart («* Art 164) vihicli 

m4)i' be ejtlier ol* tlie smoke- 
lute type or of the ivaiir-tubt 
y type. For engines of large 
hottc-potver. superheated steam 
at liigh pressure is produced by 
the boiler. The steam from 
(he boiler is led througJi a (ube 
■ . M uito a chest, called tlie steam- 
cfmt or iMlce-chtsi This 
supply-tube is provided with a 
. valve, near the boiJer-end, 

. .1 called the stop-valve for regu- 
lation of steam Further down- 
' ' ' lowurdv liic stcam*chest a 
. .. throttle-iahe a situated 

' (2) Th* Steam or Vclve- 

ehesl — It is a recungular stout 
PORT box (Fig. 88) mounted on the 
t^Undtr of the engine. It has 
three openings or potts The 
Fi.t £9 middle one is connccterl ivitli 

the exh/rnst pipe while through the tsvo Side ones llie sie.tni-chest 
cnmmuiiifaies with die cylinder. These two communicating ports 
are alternately closed and opened by means of what is called a 
sMs valve. 
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(3) The slide valve. — It has a variety of forms, i)-valve (shown 
in the figure), piston-valve, drop-valve, etc. Its function is to direct 
the steam into the cylinder through the two communicating ports 
alternately so that the piston which works in the cylinder is acted on 
from cither side in turn, producing a to-and-fro (reciprocating) motion. 
It is provided with a spindle driven by a connecting rod joined to an 
eccentric disc mounted on tire main sliaft of die engine. 

(4) The cylinder and the piston. — A steam-tight piston usually of 
cast steel, works inside the cylinder which is a cylindrical vessel of 
high strength and which communicates with the steam-chest ihrougli 
the two communicating ports. Its spindle called the piston rod works 
through a pecking or staffing box with which the from end of the 
cylinder is provided and is joined to the driving rod otherwise called 
the connecting rod at tlic cross^/icad by means of a |)in called the gudeon 
pin. The cross-head moves along a fixed groove in a guide producing 
a straight lino motion. The driving rod is connected to the crank 
by the crank pin. The crank which is mounted on the shaft is a 
contrivance for converting the to-and-fro motion of the piston rod 
into circular motion of the sliaft. 

(5) The Jly wheel. — It is a large and massive wheel {vide Art. 164) 
mounted on the main shaft. The turning efforts on the shaft produced 
by the crank is no' constant during a revolution. It is tiic fly-wheel 
whicii keeps the speed of the shaft constant by smoothening down 
the variation by means of its large moment of inertia. It also helps 
the crank to move across the dcad-ccntrc positions. 

( 6 ) The governor. — On change of load, the speed of the engine 
varies. To keep the speed approximately constant on all loads, 
a self-acting machinery, called the governor, driven by the main shaft, 
is used ( 51 * Art. 164). It is connected by a system of livers to a 
regulating valve, one form of which is called the thnllle‘Ualve. The 
revolving balls, with wliich the governor is provided, rise or fall 
according as the speed increases or decreases. This rise or fall of the 
balls operates a sleeve which communicates through a lever system 
with the throttle-valve and accordingly steam-supply is so reduced 
or increased as to keep the speed constant. 

Principle of Action. — Here the heat energy of steam is trans- 
formed into mechanical work through expansive action. 

Steam from the boiler is led into tlie steam-chest whence it 
enters into the cylinder. When steam enters the cylinder through the 
lower steam port shown in Fig. 89, the slide valve covers the 
exhaust and the upper part so that these tivo arc put into communication. 
The pressure of the steam due to its expansive action pushes the 
piston forward and forces out the cushion steam on the other side 
through the exhaust. TTie movement of the piston rotates the crank 
shaft whereby the motion is also communicated tlirough an eccentric 
disc to the slide valve which moves opposite to the piston. The slide 
valve then covers up the lower port and the e.\liaust by the time the 
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piston reaches the forward end. Hic sf^m norv entere through the 
upper p->rt and the same actron as in tl« previous stroke occurs but 
the mmions arc all reserscd. ITicsc two strokes, forward and back- 
ward, form a cycle of operations which is repeated Succci-^iv-ely. The 
to-and-fro motion of the piston « transformed into a rotatory motion 
of the shaft by means of the crank. Twice during each revolution of 
the shaft the crank and the connecting tod come into the same 
strmg!.' hue, when there is no turning cflcct on the shaft. This 
positions arc called the dead-centm or p^tnU Again at tsvo 
positions during each revolution, the crank is at right angles to the 
connecting rod when the turning efTect is maximum. The heavy 
fly-wheel carries the sliaft through the dead-centre positions and 
smnothens out the . . r 

during a cycle of r 
load on the engine 

by the main shaft. Its bafts riss or latl as sp«:d incressss ur decreases 
Thu rise or fall of the balls opsratss a sleeve which communieates 
with a throttle-valve and aceordiagl/ the *t.eim-suppjy « reduced or 
iacreaied so as to keep the ralti speed ci itt-a-it. 


Ctmdeasiag and Noa-condensing Englaes. — The engine in 
whicli the steam pvsiog th'oijh die exhaust-pips escape into the 
atmosphere 11 cuUeJ a nKKini/'Tjm,? engine, and the engine in which 
the exhaust steam is led into a vessel, called a eondeiutr, where it is 
condensed at a low temperature and pressure into water again, is 
called a cetderumg engins When the steam exhausts mtu 'such a 
condenser where the pressure is kept low (whieli usually is not more 
than a pound per square inch), the back pressure asramst that end of 
the piston which ts open to the atmosphere is reduced from about 
15 lbs. to I lb and in that case the eflective pressure, which the steam 
on the other side of the piston can exert, is increased The condensed 
svater (condensate) is aguiii used in th- . uilcr lo raise steam. 

Single and Donble^cttng Engines. — The engine, sve have 
already considered is a double-acting one, as here the steam pressure 
acts on the t\so sides of die pstiui alternately. In a single-acting 
engine, steam pressure acts on one side and the atmospheric pressure 
acts on the other side of the pston. The power developed in latter 
engines is half of that in a double-acting engine of the same size. 
E-xcepting in very small engines, single-acting engines are now-a-days 
seldom used. 


166. Tte Internal Combustian En^ne : — The engine used in 
air crafts, motor-cars, oil engines, etc.areknorvn as Inlirnal Co77i3!ij/joe 
Engines, so named because tiic combustion of the fuel is earned out 
inside the cylinder of the engine^ and not o-jtside the cylinder as 
in the boilers of steam engines So internal combustion engines 
occupy less room and are specially suited for small pouerpurposcs. 
Their'thermal efficiency is higher than that of the steam engines. 
Compared to that of Steam engines, th«r speed is also much greater. 
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The general arrangement of the cylinder and piston in the case of 
an internal combustion engine is almost the same as in the steam 
engine, but wliercas in the steam engine the piston moves by the force 
of expanding steam, in the internal combustion engine the movement 
of die piston is produced by the explosive force generated by the 
combustion of a fuel, supplied in the vapour form mixed with air. 
The fuel used is either a gas — such as coal-gas, louin-gas, etc. or a liquid 
such as petrel, benzene, alcohol, etc. which arc readily vaporised, or 
a heavy oil, like Diesel oil, etc. and every one of these, when vaporised, 
forms an explosive mixture with air. 

A gun firing a bullet is an example of a simple interna! combustion 
engine. Here the spark produced by striking the trigger against 
the cap explodes the powder and converts if into hot gases which 
drive the bullet forward with a great force. 

Principle of Action.— Internal combustion engines are generally 
four-stroke engines, i.e. they require four strokes of the piston to 
complete a cycle of operations within the cylinder. There are also 
two-stroke engines. 

The four-stroke cycle is simple and is of proved economy and is 
generally used in stationary engines of small and medium power. It 
is also not tinofien used for stationary engines of large power. A 
two-stroke cycle engine has advantages of lighter iveigiit and smaller 
space requirements and are, therefore, almost always preferred for 
marine purposes. 

The engines commonIX 
used in motor-cars, aero- 
planes, etc. are all four-s'roke 
engines working on the 
Otto-cycle. The operations 
of a four-stroke internal 
combustion engine of the 
Otto-type may be explained 
as follows (Fig, 90). 

OTTO-CYCLE 

(1) First Strote 
ing Stroke ) . — The piston 
moves outwards and draws 
into the cylinder an explosive 
mixture of air and gaseous 
fuel through the inlet 
valve E which then opens 
up. 

(2) Second Stroke {Cnm- 

pression Stroke ). — The piston 
makes its leturn sirokc, i.f. 
moves inwards and com- 
presses the explosive mixture. 
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(admission ^•alve E and cxhavwt valve D) bdnj 

p) Third Stroke^ (JlWin? Streke ). — At the beginning of this 
Stroke, tlie mixture is ignited by elcctrit spark and explosion 
occurs svhereliy the contents rise in pressure and temperature 
almost at cnnstsnt volume The piston is driven outwards by the 
expansive action of the gases, all the valves being closed and 
energy is communicated to the fiy-tvheel enabling the engine to 
do work. 

(4) Fourth Stroke {Exhauit Slrohi) —The piston moves inwards 
and the spent gases are forced 
out of tne cylinder thiotieh 
the exhaust valve D which u 
then opened. 

In the above sequence 
of operations, which w called 
a tjtU, the engine is fired 
only once and work is also 
done lit one stroke in t)te 
course of two forward and 
two Ij.sckward .strokes of the 
picton. For this reason, an 
engine working on this plan is 
tailed a fowstteKt $n^int. In 
a two-stroke cvcle engine, the 
o|>er.atiori,s of chnrging coni* 
pressing, working and exhaust 
arc all done in two strokes of 
the piston. Thcjefore, for iVic 
same speed of engine, a two- 
sUokc cycle engine does 
tivice as much work as a 
four-stroke cycle engine does. 

167. Internal Combustion Engineo of dinereut types : — 

(a) The Petrol Engine. — There is no difTrrcnre in principle 
between a petrol engine .and anv gas engine . the former is only more 
compact .and light Tlie petrol engines arc comoionly used m 
motor-cars and aeroplanes 

In Fig 01 is shown Use diagram of a petrol engine where there is 
a fusion working in the tjhnitr P as in a ste.nn engine. Above the 
cyhridtT tViere is a rtiamber, <-a'Vie& '&c eomibus-Aon wVicre 

the mixture of air and petrol vapour h ignited by means of electric 
sparks from sparking p’ ’ • " ' ' ’ ' y of 

the fuel into the char^ ■ ■ ' ’ by 

tlie exhaust pipe are , ■ .of 
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mushroom type held down on their seats by springs and lifted at 
proper moments by the action of cams, C| and Cj, fixed on a rotating 
shaft driven by the engine itself. The cylinder is water-jacketed in 
order to prevent the temperature from rising too much, usually not 
greater than about ] 

The explosive mixture of petrol vapour svitli correct proportion 
of air is formed in an arrangement knotm as the carburettor, and 
the air so charged with petrol vapour is said to be carburetted. 

The current for the ignition of the diargc is supplied by a magneto 
which is a magncto-cicctric macliincry driven by the engine itself. 

A petrol engine, as in a motor-car or aeroplane, is provided with a 
bank of cylinders, usually a multiple of two. The pistons of all the 
cylinders contribute their efforts to the same main shaft through 
their individual cranks which are fitted on the main shaft at equal 
angular spactngs and the total power developed is the sum of tlie 
powers developed in the dilTercni cyliudcts. 

(b) The Gas Engine. — A Ca Engine employing about one part 

by volume of coal gas and eight parts of air works like a petrol engine 
and is driven by propctly-timed explosions of the mixture of gas and 
air occurring within the cylinder. The ^ition of the explosive 
mixture is effected by contact with the hot walls of a metal tube oc 
by means of electric spark. ; 

A Gas Engine and a Stoam Engine Compared.— Though the 
fuel used in a gas engine is comparatively expensive, still a gas engine 
is better for the following reasons : — (a) its efficiency is much higher 
than that of a steam engine ; (f>) it occupies smaller space and it is 
more free from smoke. 

(c) The Oil Engine. — In an Oi7 Bitgine, the oil which is used as 
fule is supplied in the form of spray into a vapnTiser tube — a 
red-hot metal tube, and at the same time air is also admitted there. 
Tlie oil is converted into vapour, and the mixture of vapour and hoi 
air explodes either with or without the help of spark. Hot gases are 
produced in a small space due to which the pressure and temperature 
becomes high, and so the piston is driven tvith a considerable force. 

In a Diesel Oil Engine, so named after the inventor, the cycle 
of operations works in the following way : — ^ 

At the first strobe only mr is sucked in at a pressure less than the 
atmospheric pressure, and at die second stroke, the air is very strongly 
compressed, keeping all the valves closed, so that much lieat Ls 
developed within the cylinder. At the beginning of the third slroki^ 
oil is injected at very high pressure into the cylinder svheroby it 
vaporises, which coming in contact with tlie intensely heated air of 
the cylinder takes fire spontaneously almost at constant pressure. 
After this, the volume expands and woric is done. During \hz fourth 
stroke, the exhaust opens and the burnt gases escape. j 
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A Diesel Engine liAS only air ia die cylinder during compression 
and so the compression pressure may be raised as high as necessary 
consistent with the stcrutness of the engine vviihmit any change of 
pre-ignition and thereby the efficiency may be increased. TJie Otto 
Engine, of course, is tafitfealfy more efDdent 

(d) Aero-engines.— Tliese arc also internal comhusdon engines. 
An aero-crtqinc should be as bght as possible and in this respect it 
differs from other I. C engines. The tvcight-rcductinn h.as licen 
today earned to such an extent that a nuidern englrte of this cliss 
has .a weight of even less than 'one pound per lioree-power, whereas 
jn other types of engines approximaidy a weight of 10 lbs per 
horse-poivcr is considered necessary. Baidcs its low weight it has 
the advantage that it produces its posver from the mimnium ijuautity 
of fuel. Aero-eugines are all four-stroke Otto engines. 

I68< Tbertnal CiEcieocy of an Eogine : — 

, a, • Heat convettesl into votk 

Thermal effliiency Hr^r.A. - ,, • 

Tlte heat converted into work can be knoivn from the lioise-powcr 
developed hy the engine and the heat taken m can be determined, 
(e) in the cose of the steam engine from ilie quantity of steam used 
and the initial and final conditions of the steam, nnd {b) in the cose of 
an internal coiubusttoii et'gioc, from the quantity of fuel coiisuinecl 
and the ealoriRc talue of the fuel 

The thermal efficiency of a steam engine is not even more than 
20% , that of an ordinary Jocomoiv\c is seldom greater than 10%. An 
internal Cf mbiisiion engine ha.s a thermal efficiency of about 30%. 

Zodlcated Horse-powrr [I.H.P.). — It is the actual power 
levelopcil in the engine cylinder by die steam in the case of a steam 
ingme, by the combustion of a gas in a gas engine, and by the 
lomhustion nf the liquid fuel in an oil Or petrol engine. It depends 
in tlie followitig 1 (!) tlie rnean effective pressure on the engine 
siston during the stroke (/•„), (2) the cross-scciioual .trea of the piston 
rl\ (3) the length of Stioke of the piston (£.), and (4) the number 
if ivorking strokes per minute (A'). For a single cylinder engine, 

l.H.P.= , vhere p^>S in lbs /in », L in feet, d in sq 

relies and depends on whether Uie engine is single or double acting 
ind olio on whether it is a tvio-strolc or four-stroke cycle engine. 
Ilic hoisc-poticr so obtained is called the mdicatea horse-povver, 
!)ccaii5r ft is indicat«l by llie action of the working substance in the 
cylinder and determined horn tfie mean ellective pressure of the 
verking substance on the piston, which is usually found by means 
of an instrument known as the itditabtr. 
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[N.B. — In the case of the steam engine, for each revolution of 
the main shaft of the engine, which produces two strokes of the piston 
— one forward and the next backward, there are two working strokes 
when the steam is double-acting. Thcrelbre, for a double-acting 
Steam engine }^'=2 ^Revolutions Per Minute (R.P.M.) of the engine, 
while for a single-acting steam cogine (which a rare) —R.P.M. of 
the engine. 

In the case of internal combustion engines (which arc almost 
always single-acting), }i=R.P.M., when it is a two-stroke cycle 

engine, and =; when it is a four-stroke cycle engine. ] 

Brake Horse-power (B.H.P.). — All the power developed within 
an engine cylinder as represented by its I.H.P. is not available for 
useful purposes, for a part of it is used up by way of mechanical lasses 
in the driving of the enmne itself. So (lie effective horse-power, which 
remains available for driving outside machinery is always less than 
the I.H.P. and is known as the Brake Hoisc-power of the engine, 
and is so named as it is commonly determined by making the engine 
operate with a brake on the Jly-wheel, the test being known as a brake 


Mvchaoical efficieacys and it varies according to the 

load on the engine. In modem engines die mechanical efficiency 
is often greater than 80% at full load. 

169. James Prescott Joule (181^—1889) An English 


Physicist born at Salford near 
Manchester. He had a delicate 
health and so he was educated 
at home. While quite young he 
felt an urge for scientific work as 
a result of his contact with John 
Dalton who was his private tutor. 
His father had a large brewery 
where he started his rcscarcbes 
in electricity. At the age of 
twenty-two he discovered the law 
for electric heating. His attention 
then turned to engines. He 
noticed that in all en^ncs the 
mechanical work is obtained at 
the cost of some heat. He 
investigated on the relation 
between the two and discovered 
the equivalence between than, 
known now-a-days as the first 



J..ir.cr Prc^coujoulc 



522 


iN-TEiuieDi.vTE nmrcs 


or Ihc med™-eal ct,„Jrai„, 

pi^nmratally <loiC7To^td y bv -“"J '" ko 

to a constant urespectrt-e of '^ft tnto heat and found 
Wxittcn of snme 1.*® of the vort. 

jo h„ credit. counters, etc. also 


in\-cntor boni al 

Ship «nd be-art hii life L *'?“ tiaftsman- 

at the a-^ of incchanjc in the Univ-en.ty of GLisr,r.w 

^tracted the notice o7’-.^mr^fTh*’‘rt “"d simple n^urc 

J^or. ai„i'. mi, =r „hom 


» much uSThcT. , flj '.'»» |s Jtiuffjnation 


-o much that he hit woon a f.i-.« 't^ck Watt’s itiuffmation 

f >100- no, ,0 bo’s, fossil ti/v 

In use for more th»n <^.”11. ^ N^vcomen En^n 


In use for more than^!^rL « N'^vcomen Eng 

is rather «:d tlut P^-^ous to James Van. it 

[yin? unused for Ion? vaTS^ed afh!, ^ e° Unjvenity 

hud ,„,udh,„'Sj„d un5'rol“„“?,?i“ 

jhf cn^re x^as extremely 



ct]ui\-alent to 1/746 ILp! 


.... ..as cxiremeiy 

xxastefiil cf fuel. He seriously 
devoted Jumself to its improxe- 
ment and this uJum.ttely gave 
the vxorld the modem steam 
engine In perfecting his design 
he yet the assistance nf Mathew 
Boulton, x>ho possessed a fiist 
class xxorljhop then at Soho- 
near Birmingham. The ioco- 
motne engines Here consirucicd 
aflervxards of TrevniLick. 
Stepheiisgn and others. 

He for the firs, time useH 
the term horse-fowtr for ratni? 
mccharucal norL. He found 
that a horse could raise 150 
llis of coal through an cITfriix-c- 
he^lit of 220 ft in one minute 
on the Bxxrage, i. 33000 ft.-lbs 
of X'ori per minute is the 
average peurr ofa horse. Thus. 


oi a norse. thus. 
l^st-paurer Watt, vxhich is the electrical 


named after him. 

OTSt-tvjn p. 

tSUs ofu- 
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• Heatortoinbuslionor4Jbs.arcoal = 4xl5 x964«B.Th.U. 

= 4-X 15x964-8 x 778 ft.-lbs. 

The work done by the engine per H. P. hour = 33000x60 fc.-!bs. 

for I H.P. = 33000 ft.-lbs. per minute. The rfTicicncy of the engine 

33000x60 ^0.043 „ 4.3 per cent. That is. 4 3 per cent, of heat 

4x 15 x9B4'ii x77U 

produced is converted into svork. 100— 4-S »= 93-7 per cent, heat is wasted. 

(2) mat would be the horse-power of a steam engine whieh ronsumet 200 Ibs. o/coat 
per houT, asnmine Ihit nil the Iwal supplied is limed mlo asefil wort (i lb- of coal gwes idbVlh 
B.ThM. ; J is equiialent to 270 fi.-lbs. per B.Th.U.) 

Amount of heat available per hour = (12500 x200) B.Th.U. 

Equivalent amount of work - 12300 x 200 x 770 rt.-lbs. per hour. 

12500 x200 x 770 .V u_ 

.'. Work done per minute gj IlMus. 


12500 x200 x 770 x 

Horse-power gJTWOyO- “ » (approx.). 


Q,uestions 

1 . Explain »hal n n.™ by ..yiag C.'U. 1911) 

a t.™ 0 “;;™,”““'“ hTo. u'."iSn 1 a.‘;9.vi2 1 v" 

3. ExpUin why docs a falling body become hotter vdien it strikes the ground^^ 

4 . Explain why dnu a bicyle pump act hcaKd when the lyre is 

5. Dneribe experimenu to ...abli* the ennceetlo. between heat and wk 

and dednm fans then. ,be Idea at ; Pa,. 19S0, ■<!) 

pel- J,“‘s.tns?a r 5irr“- s” 

7. A mass weighinx "JtS dleSpTiMr.lim.i'..i 

SSkmSS'lSS) (C.U. 1970) 

[Ans. 14 calories] i th ea ivalence 

8- What experiment would you perform to cslahlisfa accurately the qu 
benveen ivork and heat ? .. .u j r fimrilmd. ii 

9. Define mechanical ecfuwalent of ° c°U '47 '49 

iS.,";9!l:!«?-=i “S. ',SI'.?.Te. olSld, ■« t Del. H. S. 

10. What is meant by the •mechanical _ equivalent of heat . f9491 

it value, and describe a method of determining U. V . innfr- 

11. How long will it take for an elertri^he^g^ ^420 watts to 

of water by 10°C, if no heat is lost ? (/ = 4-2xlO' ergs/ca 5953) 

12. Mention de-irly the tmhs in which the tgsg/lT; Pat'.'lfsOy 
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Calrulalc tSe diffjrenee in tc a pffatuie of ifie water 
of a waterfiK where the faeieht is 200 mmrs. 

. 0 467‘CI 


the top and at the 
(Rihar. 1956) 


An^erpine of^one^hooc-power ii used in bonus a block of iron of maw 


» 11UIH.-PI.V.L1 — jju 11 -n>s. per sec » 

M-u 8 55*/-) 

15 (s) Calculate the work done b/ 

pressure 


expanding affainst unifonn 


(h) A ball nf item lias iis tnnpeiaioie raised thtougli 06'C- through a fall ol 

aSm-tres Calculate ihcYjIue of y (AU 1910 

[Ant «09j<i0’ergi perca)] 


lb How much work » dene in supplyiof heat neeesssfy 
nt ii-> at — lO'C into siesm at IOb*C. * Sp heat of tee — 05 
[An, IZxlQi'crgj] 


te convert 40 
(U f. B. ) 


l^‘) 


17 Describe hew the meehanieal covalent cf beat u determined bv the 
frictional cones method (R U 19al) 


18. Calculate the difference m temperatures between the water st the 
top and dial at thr boiuitn of a watcmll whtcb u 50 inetrei high, given 
/ “ 4 11 K 10* errs/ealoric (C. U 1933) 

[An OIZ'C] 

ID. Describe Joule's method for delrrmining the mechanical equivalent of 
beat rOel U 1939) 

2U A tube 6 ft long containing a liidc mercury, and closed si both ends, is 
rapidly inverted fifiv times What u the maximum rue in iMntiersiure tfiat can 


be expected ’ (Sp. hi of mercury « 


BVhU IS equivalent to 77B ft ‘lbs) 
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25. Cilculatc the veloaty of a lead bullet on striking an unyielding target, 

if the tcraperaiure rises 2()j“G and the whole of the heat generated by tnc irauact 
remains in the lead. (sp. ht. of lead is lHa> (G. U. ’4l/’44) 

I.4n!. 22-45X 10’ cms. parsec.] 

26. Explain why it is that while the value of the latent heat of water is less when 

expressed in term! of the centigrade scale, than tvhen expressed in terms of the 
F^irenheit scale, just the apposite holds in the case of numerical values of the 
mechanical equivalent of heat. (G. U. 1937) 

27. Describe a laboratory method of determining tbc mechanical equivalent 

ofheat. (R. Lf. ly4li, ’48) 

23. If the two specific heal of gases Cj, and C, arc respectively 0'2375 and O' 1690 
calories, calculate the value of the mecudnical equivalent of heat. (1 c.c- of dry 
air at N.T.P. weighs Q'00!29 gm. and the value of atniospiieric pressure l-UlSxlO' 
dynes per sq. cm.) (R. U. 1944) 

{Anu 4'19 X 10’ ergs per calorie.] 

29. Specific heat of argon at constant pressure is C'l25 caioric/gm. and at constant 

volume 0'075 calorie/gm. Calculate the density of argon at M.l'.l’. (y=4’lBxl0’ 
ergs/celorie ; normal pressure » I'OI xlO* dyncs/cm.*) (Rajpuiana, 1949) 

[.4ru. 1'8 X 10"’ gm-/c.c.J 

30. Explain how the diHcrcnce of sp. heats of a gas enables you to evaluate 

the mechanical equivalent of beau (Uajpulana, 1949 ; U. Ih 11. 1952) 

31. Dacribe the prindple and action of a steam engine giving a sectional 

(Vis, U. 1954 1 Del. U. 1932 ; East Punjab, 1952 ; Pat. 1954 ; C. D. 1947 ; Dac. 
1930, ’41 i U. P. B, 1941, ’50, ’55) 

32. Dacribe with a neat diagram any from of a modern petrol engine. Hew 
doa it act 7 

(U. P. B. 1954 ; East Punjab, 1953 ; C. U. 1948, ’S3 ; G. U. 1950, 52} 

SS. What IS the essential diflerence benveen a steam engine and an oil engme ? 

(R. U. 1955 ;r/ East Punjab, 1950; C. U. 1948) 

34. Apctcol engine uses every hour 1 lb. of petrol which produces 22000 B.Tli.U. 

of heat, and has an efficiency of 30 per cent. What is its H. P. ? (G. U. 1950) 

(1 H,P. •= 33000 ft..lbs. per min. and 1 B.Th.U. « 778 fi.-lbs.) 

lAtu. 2-593 H.P.] 

35. Write a note on ‘Petrol En^oa’. (r/ Dac, 1942 ; U. P. B. 1947) 

36. Dacribe the essential parts of any heat engine, and describe iis tvorking 

during a complete cycle. (C. U. 1951) 

37. A gas engine having an overall efficiency of 20% bums 1 500 Cu. ft. of gas 
per hour, if the calorific value of the fuel is 800 B.TIi.U./cu. ft. find the H.P. of 

^ iSS!’'’'943 

38. A motor car uses pcljol whose calorific value is 11x10* B.Th.U. per gallon. 
The car covers on average 20 miles to the gallon running at 24 miles per hour during, 
which the average output is 10 H.P. Find the overall efficiency of ihU car. 

[Am. 19-3%J 



PART III 

SOUND 

CaiAPTER I 

PRODUCTION AND TRANSNQSSION OF BOUND 

I. DeCaitiaa of Sound Sooud « & Lind of sensation received 
by means of the ears and carried to ttie brain which is responsible 
for the perception The external cause which produces such sensation 
is a form of energy, 

AcDustice IS that branch of Physics which tieals srith Uip study 
of the nature and propagation of sound 

1(a). Sound is produced by the sdbratory motion of a 

Wlicncver any sourd in produced, on 
Irnciiig Its uiigiri it svtll be found tliat it »' 
tine to tlie nbraiory movement of a material 
ijody Tite vtbratiuns may in some cases 
be loo r.-ipid to Lm? seen by our naked eyes 
hilt lie can feel tlieir existence by touemriy 
the source Hlirn air » hJosvn througn 
a whistle, a nail is struck bv a iuiniiier, ur 
.ainmimiiion explodes In n ^n, we liave 
inst.ances where sounds are prortured by 
matter in mntimi. 

£spt. — When wc strike a metal vessel 
with a piece of matter we hear a sound, and 
the indj>iinctnc3s of the outline of (he 
vessel show-3 that it is vibrating. By 
touching the budy the vabrations arc Stopped, and sound also 
is strippeH at tlic same time. 

% Pour water in a wide-mouthod thin-v.-alled glass- 
•himbler until it is almost full and keep a pidi-ball sitspcndetl 

by a fine thrwd in touch with the nm of the vessel (Fig 1). 

On bowing the edge of the lumbier with a violin bmv, 
ripples will be produced in the water, and the pith-ball 
will he observed to juinp forward by receivuig a series 
of shocks from the ricn on commit m contact with it, proving 
that tile \essel ts in a state of vnbrauon. 

Ifb). A Tuning-Fork. — It is a £f-shapcd steel bar 
provided with a handle at the bend of the U (Fig 2) and « 
made to vibiale by striUi^ one of its prongs on the knee or 
on a hard cushion. Its special quality k that it produces 
a sound of single frequency . 



material body 





Fig. I 
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If a sounding timing-fork is brought into contact with a pith-ball 
suspended by a thread, the pith-ball will be thrown into vibration. 

On examining tlie strii^ of a sounding violin it will be found to 
have a blurred outline due to its to-and-fro vibratory motion, which 
can be detected by placing a F-shaped paper rider on Lite string. 

Thus a body must be made to idbratc in order to cmii a sound, 
but, even when it is vibrating, the sound cannot be received or heard 
unless the mechanism of the ear also vibrates. We receive sound by 
the vibrations of a membrane in the ear, called the eardrum, and 
these vibrations arc transmitted to the brain and interpreted as 
sound. 

It should, however, be noted that the rate of vibration must lie 
within a limited range in order to produce an audilsle sound. If the 
rate falls below about 30 per second, or goes above 30,000 per second, 
the sound becomes inaudible. Tlie above limits arc only rough 
values, and may vary from one pereon to another. 

2. Propagation of Sound (a materia! medium- necessary} : 
— In order that sound may be heard, the disturbance from tiic source 
must be carried to the ear through a space. This space is spoken of 
as the medium. Air is the usual medium through whicli sound 
travels, but it can also pass through any other material medium 
provided it is elastic and continuous. Thus an observer placing his 
car against a continuous iron rail can hear distinctly even slight taps, 
given on the metal, several Imndrcd yards away. The ticking sound 
of a watch placed at one end of a Uble is heard clearly by applying 
the car to the ocher end of it. Again a diver inside water distinctly 
hears any sound produced in the water. Sound cannot, however, 
travel through a vacuum and in this respect, it differs from light 
which cm easily pass through 
a vacuum. Sound requires a 
rhaterial medium for its 
propagation. 

Tliat sound requires a 
material medium for its pro- 
pagation and cannot travel 
through a vacuum may be 
demonstrated by the following 
experiment : — 

Espt. — An electric bell 
(Fig. 3) is placed inside tlie 
receiver of an air-pump and 
worked by a cell placed out- 
side the jar. The bell is suspended inside the receiver by means of 
a hook passing through a rubber stopper fitted tightly into the neck. 
The sound of the Ijcll is distinctly licard as long as there is air inside 
the receiver ; if the air is gradually pumped out, the sound grows 
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Clintcr and fainWr and finally becomes quite inaudible, On re- 
admksicn of air, the loudness of the sound increases again. 

Il must also be noted that for the propagation of sound, not only 
the medium must be a iiialeiial one but ako it should be elastic and 
conijiiuous. Inelastic substances are not able to transmit sound 
to a great distance as the energy is dissipated very quickly. Again, 
non-contimious substances, such ai satv-dust, felt, etc. arc bad 
conductors of sound. 

3. Essential Reqmremctits ter Propagation of Sound : — 

(i) A vibrating source to emit sound, (ti) A medium to ttansmii 

the sound , the medium must be mateital, tlasltc, and continuous. 
(iiO A receiver capable of vibration to receive the sound. 

4 . Propagation of Sound J— Let us examine the method by 
vihich sound is actually propagated ilirvugh air. Suppose a body is 
struch. As a reuli of this, every panicle constituting the body 
begins to vibrate — that is, to mov'c to-and-fro to o nearly equal 
distance on both sides of its mean position of rest. During this state 
of vibration, each of the extrecne particles of the vibrating body in 
contact ivifh air, at the time of moving to-and-fro bctu cen its c.xtreme 
positions, strikes the ime of air-particks m contact with it, and starts 
tlieiii moving Lo-aiid-fro Tliese air-p.articles in rheir turn strike the 
particles beyond them, and sci up simihir vibrations In tliem, and this 
goes cn from particle lo panicle. In this tvay a chain of vibrations 
is set up from the sounding body , each panicle on the way begins to 
vibrate when it is stmek by its neighbour, and in its turn strikes its 
next neighbour, until the vibrations reach the membrane of the car of 
the listener. The motion of the membrane is communicated to the 
hraiii by ihc mcch.inism of the car and perception of the sound is 
uaised. 


T/ic lime tflXrn hy tJii prong lo taoce fntm cm extreme position lo the ether 
ind bach agein lo the first position, te.Jiom a to e and back, is (ailed the 

period of vibration. 

Let us imagine that the air in front of the fork is divided into 
layers of equal thickness. Fig 4(i) depicts the laycn in front of the 
undisturbed position b of the iiglit-hand prong of the fork. 

Noiv, as the prong moves from c toviards e, it presses the 
lir.particlcs in froni ol it, which m nun press the particles next to 
them, and this pressure is passed on to the successive layers ol fhe 
medium. So, considcnng rfrcct of the movement of the prong 
upon o column of air on the right-hand side, it will be seen that, by 
he time tlic prong reaches c, the air-partides between A and some 
ooint C [Fig. 4(ii)] ivUI be compressed, and a pulse of compression 
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^vill move forward {with the velocity of sound). During tlie return' 
movement when the pro:^ moves back from c to a, it tends to leave 
a partial vacuum behind it, due to which the layer in contact,. 



Fig. 4 — Propagation of Sound-waves. 

being relieved of pressure, expands on the side of the prong and the 
pressure is consequently diminished. Each succeeding layer acts in 
the same way and a rarrfaclion pulse is Itanded on from layer to 
layer, travelling in ihc forward direction and with the same velocity 
as that of the compression pulse. Tlus goes on up to the time the 
prong takes to reach <f. During the time taken by the prong to travel 
from c to a, the compressed pulse also travelled ownwards, and 
occupied a region A’C [Fig. 4 (m/)] equal to AC in [Fig. 4(ti)], which 
is now occupied by the rarefied pulse as given by AA' [Fig. 4 (!m)], So 
in a complete period of vibration of the prong, the disturbance travels 
up to C, one-half of -which A'C, is occupi^ by a compressed pulse 
and the other- half AA' by a rar^d pulse. A cornpressed pulse followed 
by a rarefied pulse togeiher forms a am^lele sound-wave. 

The amount of compression or rarefiiction is not, however, equal 
at all points in the complete wave. The reason is that the energy 
communicated by the prong to the air at any instant depends on the 
velocity of the prong which varies from instant to instant in course 
of period of vibration. The vclocily of the prong being maximum at 
the mean position and zero at tlie extreme positions, the compression 
or the rarefaction is also maximum in the middle and zero at the 
ends of a zone of compressions or rarefaction, as shown in (ii) and 
(lii) ofFig. 4. 

If the displacements of the particles lying along the line of pro- 
pagation at any given instant of time be plotted in the ordinate against 

Vol. r-34 
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^eir distancca as abscissa, Uip graph assumes the form of a wave 
The •s.iKclenph ii the diuance ctxerei by one eompre.tvmt buUe cxid 
a rarefaction pulse loge/her, ie. the dtsiance ihrotigh trfiiWj the dis- 
lujbance traceh «n one period of tibrotion of the source. 

It is, however, to be noted that each pattkle in the medium of 
propagation during a pwiodic doie of its vibration passes tlirough all 
the phases of displacement as depicted in one wavelength in a sound- 
waic, while if the particles are considered at the same instant o£ 
lime, they only aucccisiictj diifcr in phase from one to the nest. 

^Vhen ve say th.it 'sound navels in the form of u.tves’, it is thus 
noi tfiot ihe sound travels in a teavy path bm that if the displacement 
of any particle in the mecUum w plotted for a periodic time, or the 
displacements of the v.trimis particles in the path of propagaiion 
considered at the same tovtant of time ate plotted against iiieir dis- 
tances, the curve obtained assume* a navy form. 


IVlien a body is sounded in a homogeneous medium, alternate 
pulses of compression and rarefaction start out m succession in all 
directions ttarcllmc viich the same vcloaty These pulses are like 
»o many spheric.il shells of eqial thickness tprr.vrimg out with .an 
expanding radius with the passing of itme (Fig, 5) They are anaio* 
poua to the circular naves caused around a stone thrown 

into a calm sheet of viatcr Here a series of circular waves 

having alternate depres- 
Mons and elevations are 

^eneraiwJ There appear 
.vnd disappear in succession 
during a periodic time The 
depressions ate called the 
troughs and the elevations 
the crests They .alsn spread 
out with an rtpanding 

radius lUI they reach the 

pi<: 5— Sound-wjves canBdhywvjIwatiwglWl. shotc. The trough and die 
■crest xevpectivelv corres- 
pond to the maximum rarefaction and maximuTn compression state 
of a Tneduim vvheti a sound travels through it. 

The difTercnCc between the two casesjs that a p.irticle 
of water is displaced up and down at right angles to ti 
propagation of the distiiibance which iri'eU along the 
wards the shore, whereas a pamcle in the medium of propagation o 
sound is displaced to-and-fro aJong the s.ime path in which ihe sound 
travels- That is. water-waves ate ttMSrtise. whereas sound-waves 
are longHcdinal (vide Art. 6). 



S RepresentaHon of a Soimd-wa'e-— a scries 
[Fig. 6[<j]] represent a row of imdisnirbed parudes of mi. 


Vrlven a 
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sound-wave passes along 
ihis row, die particles in 
certain portions of the 
row at a given ins- 
tant, come closer (i.e. 
compressed), and in cer- 
tain other portions be 
drawn apart {i.e. rarefied) 
as represented in Fig. 6(f>). 


Rarfedisi C m. i vma ia StntKtCn Cc 


Qoestions 

1. Describe experiments which prove liial sound is due to tHbrations. 

(Pat. 1921, '32. ’33) 

2. Explain wby a medium is necessary (or the propagation of sound and describe 

an experiment to pro^•e the staleiaenl. (C. U. 1934, ’53) 

3. Describe an experiment showing that sound cannot pass through empty 

epaee, (C. U. 1932) 

4. Decribe an experiment sbosving that air or some oAer medium is necess‘'‘ry 
ibr transmUsioa of soujkI. What practical dldlculcy arises in such an experiment r 

A metal pointer attached to the prong of a cuning-fork of frequency 256 makes 
a tvave-traee consisting of 95 complete wave round exactly half the circumference 
of a smoked rotating cylinder. Find the speed of rotation of the cylinder in revs, 
per uiin. (Bihar, 1954) 

[Ant. 80 revs, per min.] 

5. Explain, as far as you can, the mode of propagation of sound through air. 

(UikaJ, 1940 ; O. tl. 1924, '2$ ; ef. Pat. 1931, ’39, '46, ’SS ; Dac. 192B) 


CHAPTER n 

WAVE-MOTION ; SIMPLE HARMONIC MOTION 

6. WaTe-irotion ; — Every one Is familiar with the circular 
waves which are produced when a scone is thrown into still water. 
The waves consisting of a series tjf crests and (rouf/is travel ouwards 
from the centre of disturbance in gradually widening circles. But if 
some pieces of cork, or bits of paper, fioating on tlie water, arc care- 
fully tvatched, it will be found that the floating objects, and therefore, 
the particles of water, arc only moving up and down, but they do not 
travel outwards with the waves. It should be noted also that they 
rise and fall, not togedier but in succesaon, one after the other, show- 
ing that when the waves pass over water each separate particle of the 
medium must perform the same movement, not simultaneously, but 
each one a linle later than the one preceding it. It is the wave-form 
which travels forward, while every pardde of the nater moves up 
and down about its own mean position of rest Similarly, when a wave 
crosses a cornfield the tips of the com-blades are not carried away 
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forward, the form of the wave only moves forward Tlie vihratoir 
motion of a series of pariides in a medium as referred to above gives 


(a) l^ansverse and Longiiudlotd Wares. — 

In the case of water-waves, the motion of the w.tter particles is at 
i^ht angles to the direction of pxopagatioii of the waves Such a 
wave IS called a transverse vvxve. 

When a wave-motion passes through a medium in such a way 
that the vibratory motion of the panicles of the trnnsinitnnf' mediutn 
13 along the same hue as the hue of propagation of the sound, it l» 
called a lun^tudiiial vvavo-imitlon. 

5oii«d-aw« in Air or m any otiicr medium, which compri'c 
pulses of compression and rnrefactirwi, arc Inngitudtnal while raai.tnf 
waves in eihet, such as Iieai-iv.aves and liglit-wavus, ujc fniHruew. 
The electric waves used in wireless iclegraphr .and ivlcphonv are aho 
instances of transverse wave-motion 

N.B. It ihould b« aeted Dial /art/ ran rrau/ait only hn/iiudmal fipei e/ itsir- 
melwDi becavue there beinjt very l»0< cohmon beuveen (he maleeiilei ol a gai, 
tranwcirnr wavn Laniiiit be foimcd ai all in e4tcs, but vriidi and li^utdi can transmit 
bothlOTVj'Wdiiial Bnil itarW'tTse waves 


(b) Progressive Waves.— 

The longitudinal sound-waves in air or in anv ocher medium ns 
well us die transverse w.vves liVe ihe w.ttcr-wavca, or heat (of light)- 
waves are characterised by the faux ihac j (jarucul.vr st.trc uf mottnn 
in eoch case is handed on from one part of the mediutn to the other 
wtih the pasjirg of time and ihe .i.-ivc-fnrm iravch outwards with a 
deliniie veloaty Thai •» why general name for the»c waves is 
progressive waves. 

(cl Representafian of ttansvesse and Joagltudinal \Yave-tnofiou.- 

In Fig 7(o) AB xepxcsc ' - ‘ ■-*— " 


HH H H H 


.1/ of particles tianvtmmng a transveise 
Av ihe wave passes, each indiviJiial 
particle of the medium will move up and 
down one after another at tight angles to 
ibe line Alt (as shown by the double-hcvdctl 
unons) along which the wave is propagated 
(‘’I When a longitudinal waie px'ses along 

Frsi 7— Illtutraiion of »uch a row of particles, each p.articlc will 

Transverse .and Loagi- vitraCe lo-aild-fro .abour_ a mean pos'tiun 

tudinal Wave-motiCTi ulcng the line of propagation CD (Fig. 7(b)] 
and such motion of the particles will take place our afrrr another in 
succession. The dot represents the. mean position sncl die f"o .vrrons 
ou eijher side the to-and-fjo luotunv 


(d) DemoRStraflon of wave-motSoos. — 

(i) LongUudinnl Waves. — ^The Dropngaiion of longitudinal waves 
can be tomcmcntly illustrated by “a spiral spring suiptnilert hoii- 
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zontally by threads from two parallel bars AB and A’B’, as shown 
(Fig. 8). On slightly pushing the end A of the spring suddenly forward, 
ihe nearest turns arc compressed and the compression is seen to move 
forward along the coil with a 
certain velocity jowards the 
other end, each turn moving 
^forward a little when the 
compression teaches it. This 
represents the state of the 
layer of air-patticlcs when 
.a wave of comotession travels 
through it. Again, il the end 
A be suddenly pulled out- ® 

ivards, the end turns will be 

separated from eadi other and this state of rarefaction as we call it, 
will be seen to be ttaveUing along the coil w the further end, each 
turn or the spiral moving backvnrd a little when the extension reaches 
it. This represents the state of rarefaction travelling through air. 

Thus, it one end of the coil be alternately puslied fonvard and 
pulled outwards in a periodic manner, longUudinal wave-motion ^ of 
compression and rarefaction will be seen to travel along the spiral with 
a constant velociw. Each turn of the spring executes a to-and-fro 
movement in the fine of propagation of the pulse, but it is not bodily 
transferred from one position to another. In the same way. at the time 
of propagation of sound through air, the particles of tlie air only move 
about their mean positions of rest, and arc not bodily transferred 
frot/t one place to another. I( is the wave-form, or a succession of 
compressed and rarefied polsc^ that fravels forward. For this 
reason a blast of ait is never felt to spread outwards even in the case 
of the loud report of a cannon. 




Fig. 9 — Demonslfatioa of Transvcxsc Waves. 


(ii) Transverse Waves. — ^S- ® illustrate? a popular model for 
■demonstrating transverse waves. A number of straight and parallel 
rods, each of which carries a small ball at the top, arc placed ai equal 
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spaces apait in the same veitical plane in a stand. Each lod lests 
on au eccenuif wheel and posses though a hole provided for it in » 
CTOSS-piece_ held horizontsll^ by the stand All the eccentric wheels 
have a roirTmoa'^ spindle wh ich can be rotated by a handle. When the 
handle 3s turned conttnuousltr. each ball tindcrgocj a periodic up-and- 
down motion while a wave-form travels from one ball to the next 
onwards from one side of the frame to the other as shown in the 
figure. The motion of each ball being transverse to the line of propa- 
gation of the ware-form, the waves produced are known as transterse 

7. Graphicfll Representation of a Sound-wave:-— In a rransterse- 
wavc, the movcmenrs of the pacucle and die line «£ motion of die 
wave are mutually at right angles m each other and they can be 
represented in the ordinate and absossa respectively. But in a longi- 
tudinal wave, as in the case of sound, the oisplacenient* of the parti- 
cles take place along the path of propaeation of the wave and so a 
similar representation, as m ihe case of a tr.mssersc wave, showing 
the aetuai poT‘ttons of dispUcemeois along the line of propagatiun will 
result in tracing out a straight line along the line of propagation. 

But if the displacements of panicles are shown in the ordinate 
against cheir mean portreonr in the line i>! propagation represented as- 
aosclssa, lot the same instant of time, a wry valuable giaph ts 
obtained, which is known as ihe dts^acentent curve for the fongiiudi- 
nai wave For each particle.at its mean po.viuon of vibration, a 
perpendicular is to be drawn lo the line of piopucation proportional to 
its displacement at the same instant of time The perpenaicular is to 
be drawn afrirue the line of propagation if the particle, moves to the 
right at the instant considered and Mov the hne if it moves to the 
fr/f at chat instant The displacement curve traced out in this way 
reveals all rhe properties, r.g velocity, acceleration, state of compres- 
sion or raiefacuon, etc, of the pamclw in the medium 


A R C. D E 
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la Fig 10(i), a vibrating luniug-fotV F {width, it should be noted, 
always emits a simple hartsooic type of sound-wave) and a horiiontal 
column of air in front transmitting the emitted sound are shown, where- 
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Phase.— The phase of a sibrating panidt at any, insiant is the 
state of the particle m icganl to its posiunn and direcijcn of motion 
in the path of vibration ai tint instant Two pnrltcles tnovjjj^ exactly 
tn the same miy are said to be tn ifce same fhase : that is, paiticles 
which are at the same distance from their positions of rest and are 
moving in the same direction, arc said to lie m the same phase. Thus 
anything by which the direciion of mociun and displacement of a 
iibrating particle can be specified, will be 3 measure of its phase at 
that time, 

A water-particle A (Fig T.1) at the highest point of the crest gl 
^ tvaier-wave is in the same 
phase with the particle B at 
the higb«&t pcant of the next 
crest, and nr other particle 
betnecn iliesu (wo positions are 
m the tame phase. 

Phase may be expressed 
in three ways’ f») By the fraction of the period (hut elapses after 
the mbrabng body passes shrougfi some stssudard position, soy, the 
mean position of rest, tn a direction 

Thus, m Fig dfl. Part I. the phase of the oscillnting bob at C 
in the direction DC Is expressed by }V, at /> in the direction 
fiO by iT, when B it its mean yovitiun <u test 

(») By the angle fas 0 in Fig IS) traced o»t by the geueraiing 
point tilth reference to Cither of the co ordinate axes (wde Art 10) 
Thus, the phase of the vibrating particle M is denoted by the anelc 
6 (Fig 12) traced out t>y the generating point F rotating along me 
ciccumfcrence of the circle Agam, it viiU be observed that tlic 
phases 00“ ami 4.'i0* arc the same, while phases 00" and 270° are 
opposite to each othcr 

(tij) The difference of phase, of lo-o firttatr pii a awe arc also 
expressed by their path difference, i e. by tfie ftaction of a aweiengih. 
In Fig II, A .tnd B are in the same phase, the path differcnre being 
om wavclcngfii and A, C arc in opposite phase®, their dilfercnce in 
phase being half the wavelength 

Wavelength. — It is the distance through which the wave- 
motion travels in the time taken by the vibrating body or any of 
particles of the medium of propagation, to make one torapleic vihra- 
tirn It con also be defined as the least distance between two 
[jarlicles in the same phase of vibratmti 

In the case of a transverse wave die waielenglh is the distance 
between one crest (or frongh) aad the next crest (or trough), as AB 
Of CD in Fig II In the case of a larsAuditial ntn-e it is the 
length occupied by a -pul'c of fompfcssion togeihci w'uv c- puUc ot 
rarefaction, os AC or fJD in Fig. 10. 



Fig II 
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• Wave-front. — It is defined as the trace drawn through all the 
points on a wave which are exactly in the same condition as regards 
displacement and direction of motion, in the same phase. Thus, a 
surface drawn along the crests of a water-wave is a wave-Ironp and 
,also a surface drawn along the troughs would he another wave-front. 

In a homogeneous medium a wave generated at a point travels 
•out in all directions around the point with the same velocity, At 
any instant of time, the wavc-motioa lies upon the surface of a 
sphere whose centre is the generating point and radius equal to the 
product of the velocity and time. On dus sphere the particles are 
all in the same phase of motion. This cquai-phasc surface is the 
wave-front at the time. At a very long distance from the source of 
•disturbance, the spherical surface, over a Uraiied region, may be 
treated as plane. So the wave-front may be ^aken as plane, if the 
source of disturbance is at a very long distance. 

Period.— The period of vibration Is tJie time taken by a vibrating 
body to execute one complete vibration. 

9. Velocity ut Soond-waves : — It is measured by the distance 
travelled over by a sound-wave in one second. If the Cfteek letter X 
.{pronounced ‘lamda’) denotes the tvavelengih of a sound-tvave and 
n the frequency of vibration, .then in one second there will be « com- 
plete vibrations and for each vibration the wave travels forward 
through a distance A. Therefore* the total dbtance travelled in one 
second = «A. Hence, if V be the velodry of propagation of the wave, 
wc have, V=«A. 

. , . distance travelled . A K s /..*,• i\ 

Otherwise, velocity = — flue talccn ' ^ ' tt7 rzl) 


Examples. (/) A Mji mbrating with a cotuimt fiegtuiuy sends waves 30 esns. long 
through a medium A and 15 cijir. long ihrougk anolhor meaiam B, The w/oti'p i(f the waves 
in A is 90 cms. per see. Find the velocity of the wooes in B. (C. V. 1931) 

Let y be the velocity of the wave in B. Since velocity = frequency X wavelength, 
we have 9C -= nx 10, where B is the frequency of vibration. n » 9 per second. 

Again, for the medium B, F=.aXI5 (n being construit in both the cases) =9 X 15 e- 1 35 
cms. per sec. 


(2) If the frequency of a I 
per second, fmd how far sound 


tuning’fork is 400 end the seloeily of sound in 
■ tfaveh tehen the fork executes 30 viiralions. 


air is 320 metres 
(C. U. 1933) 


In one second the sound (ravefc 320 
In the time taken by the fork t 


X30=24- metres. 


10. Simple Harmonic Molina; — If a motion is repeated at 
regular intervals of time, the motion is said to be periodic. Thus 
the motion of a particle, continuously moving round a circle, or an 
ellipse, in a constant time, b said to be periodic and. in this sense, the 
motion of the earth is periodic. 
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A vibratory ot ostillaTOty motion » a periodic mciion lltat reveises- 
iu direction. Ic has a position o£ rest at which the reversal in diiec- 
don tahes place. The motion of a pendulum is oscillatory. 

The simpleit type of vibratory mohon. tj that executed alcnj’ a 
straight line by a ^rtieie mowng io-aiid-fro If this v\bratnry linear 
tnotian be ivcli that the acceleralton of the moving particle is ahvays 
directed to-jrards a fixed point *« its ^th end is always proportional 
to the displacement of the porirri.? from that fixed pomt. the motion 
is called a S’mple Harmonic Motion (idso written S.H M.) 

To understand the nature of a panicle exccutinjv simple harmonic 
motion, let us imapme a panicle P (Fig. 12) moving round a circle 
with uniform speed, The particle P is called the generating point 
and die circle XyX'y round which it moves is hiiown as the circlr 
of reference. 


Let PiVf be a pernendiCtilar dropped from P on any fixed diameter 


XX" of die circle Nc 


P moves once round the circle in die* 
direction of the arrow and describes 
a complete revolution, the foot Af of 
ihe jvtpcndiuilar, PM, movee ift-aml- 
fru along the diameier XX‘ from ihe 
starting point M upto X, then back to 
.Y’, and then back to the starting point 
M again 

This (o-and-fro movement of Af 
about O along XX' continues as P 
movrs round the citclc with uniform 
spred Ic can be preivccl that the accele- 
ration of M II always directed to the mean position O and is propor- 
tional to its displacement measured from O The motion of Af is thus 
a simple harmonic motion. So, if a point moves with constant 
speed along the circumCereiice of • ckcle, and if a tccond paint 
moves along the fi.«cd diameter «f (be circle so as always (u be at 
the font of the perpendicular drawn from the first point on (he 
said dianieler, then the motioa of (be second poiiit is Simple llannonic. 



Fig 12 


f Note, The use of ihe term ScmenK arose on acooont of tJie bet that the study 
of thu was first made in conoccuon with the studr of musical vibrations ) 

11. Equation of a .Simj^c Honsonic Mofion t — Let P be a |>oint 
which IS tr.vvdling in the direction of ilic arrow round the circum- 
ference of a circle XX'P of radius OP(=tf) wuh iimfortn speed, and 
let XOX' and I'Oy' be two diaineten of tins circle a: right angles to 
each other (Fig. I2) Let T be the period. t«. the time for one complete 
revolution of P, and to its angular velocity, ic the angle through which 
the radius OP revolves in 1 second Then (vufe An, 35. Pan 1), 

toT ^ar; or, T-2 t/« . • (1) 
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As P mo%'cs round the circle, the point M, the foot of the perpen- 
dicular drawn from P on XOX', moves in S.&M, and the frequency 
of vibration of M is the same as djat of the point P. Hence the 
frequency of M, n^ljT. 

Lee the time be counted from the instant when M is passing 
through its mean position O in the positive direction {i.e. from left 
to right, when it is crossing the line YOY'). Let t he the time which 
has elapsed since M was last at O, i.e. the time taken by OP to make 
an angle 9 with OY. The angle 0 is called the phase of the vibrating 
particle Af at that instant 

Then. ©=«(. We have, OAf/OP=cos POAf=cos(90’ — 5)=sm ^ 
The displacement arof P (Lc. OM)=OP sin sin 0 
2r 

ss asmttft=<7sin ^ # ... (2) 

=a$ta 2?nJ, where n is the frequeacy. 
N.B, If lime is recorded from an instant when the generating 
point P is on the left of Y (le. M is also on the left of 01 to such an 
cstent that the generating line OP makes an angle * with OY, then 
S=<at—<u That is, x=sa sin (wf — *). This which is the phase 
at the commencemeue o/ time, is called Ih" epoch. The sIth of the 
epoch mav be positive or negative depending upon the /position of 
the particle from witich the ome is measurei 

The greatest value of sin 0 is unity ; hence the maximum value of 
X Is a, which is ^ereforc, the amplitude of vibration. Thus, the 
displacement has a positive maximum value at X when $—W and a 
negative maximum value at X' when ^=270*. 

The displacement of a body executing a S.H.M. is always given 
by an equation like (2). 

12. Velodty and Acceleration in S.H.M. 

Velocity.— The velodty of M at any instant along XX' is the 
same as the component of the velocitr of P parallel to XX' (Fig. 12). 
Let PD be the tangent at P, meeting X’X at D. The linear velocity of 
P at any instant is equal to y and is along the tangent PD. The com- 
ponent of V parallel to XX', ie. in the direction OD=v cos PDO 
sin POD=u tin (90° cos ft ... ... ... (3) 

Thus, the velocity of A/ is zero at X, where 0=90' (cos 90*=0), 
and also at X’, where 0=270'’. The velodty is a maximum at 0, 
where 0=0. and cos 0—1 (the maxioiinn value of cos 0], and also 
it is a maximum in the negative direction where 0=180® ; and. after 
a complete swing, when 0=360°, die velocity 'is again a maximum in 
the positive direction. Thus, in one complete oscillation the velo- 
cities of M are zero at the ends of the swing, i-e. at X and X', and 
■maxinnim when passing tbraugh the ori^n O. At O the velocity of 
A? is parallel, and so equal, to that of P. 
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- Acceleralion. — The generating point P mourg isith coaiutit 
speed louad O has an accdeiatioa v^/a directed towards O, where a 
is the radius of the circle of nderence (Ftg 12). The acceleracion of 
13 the coroporeut of the accelciadou «t P along OX. Hence the 
direction of the acceleration y of Af is lonords O and is giien by. 

(™'ico>POAf=£siB « . (4) 

Hill hecause v is the linear lelocity of P, which describes the 
clisiance 2-a in ntne T, tie have 2»<i=«T. 


. . From (4). acceleration / of Afs<i>’irsm H=oi* Kdisphtcement 
,, acceleration of A/ , 4v* 


Thin, u.7ie« a pafitele is deserihtng ei SH.^1 , the ratui of the «• 
eelerniion to the ilnl^acement ts covttittt ; that it, ti-hen a parUele 
A/ eaecutn a its acceleratton is proporiional to its cGs^ce* 

nietit OA/. and ts directed lovards a ^-ed point O in the line of 
vt)}ration. 


The acceleration of M depends upon the line of an an^le just as 
displacement does, and so the maximum and micimum salucs of 
ncccicrntion occur exactly at tunes as those of dbplaccmcnt 
13. CfaaracterisUcs of Ptogteasiso Wave.raolion 


Regarding the ebatanetuuce of wavc-monon ttfo pomij are to be 
noied. (i) It IS Uic dsiiurbance which travel* fonv.am and not any 
parncle of the medium. 

(ril The moicment of ea^ neighbouring particles bcgini a luile 
Ut« than that of its predecessor. ' or. in other words, there is a 
definite digereiicc in pftosr brinern two neighbouring particles 

14. Characteristics of 5.1I.M. :—(i) The moUon is periodic 
(li) It is a >ibratory (to-and-lcw) lunRoti (fii) The motion taVes 
place in a straight line (ro) Tlie acceleration of the body executing 
a SHM IS proportional jo its displacement .lad is dUecird towards a 
lived point in the lire of sihration 

J5, The Displacement Curse of » SJ1JM.;— The displace- 
ment of a particle 
etccuung a simple har- 
monic motion is gisen bj 
ihe equation .v=/i sin U’t 
If wc ploj .1 ciitic to 
show the relation fx;r- 
ween * and t, the curse 
ssill ho a iiMc-cMnr. 
Fig. 13 represents the 
displacement curse of i 



Fig 13 
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point M starting from O and tnoviag with S.H.M, along YOY' due ro 
the point P moving from X with unifonn speed along the circumfer- 
ence of the circle having O as centre in the direction XY as shown 
by the arrow. Divide the drcnmfcrence into any number of equal 
parts, say, eight, and draw straight lines through the points of divi- 
sions P, Y, P', etc. parallel to XOX'. If AB rqjrescnis the period T, 
divide it into 8 equal parts. The rime (T/8) taken by P to move 
through each part of circumference will tlwn be represented by 
each division of AB. Draw ordinates at the points.l, 2, 3. etc. chat 
are equal to the displacements OM, OY, etc. In plotting the dis- 
tances, the points below O should be taken as of opposite sign to those 
above O. Now, joining the tops of these ordinate lines, the displace- 
ment curve is obtained which is identical with the ivell-knotvn 
sitte-ciirve. 

N.B. — Each patticle in the medium transmitting a longitudinal 
sound-wave executes a S.H.M. with time. So the time-displacement 
curve for each particle in the medium will also be a sinc-curve. Tlte 
displacement, however, is in the line of propagation of the sound, The 
motion of the succeeding particles lying on the line of propagation 
reckoned at the same instant of rime will differ in phase from particle 
TO panicle. If the displacements of the panicles at the same instant 
arc plotted in the ordinate against their distances us abscissa (though 
they are in the same straight line), the graph will also be a sine-curve. 

16. Eitaraplcs of — The lo-and-fro movement of one 

prong of a vibrating tuning-fork, the movement of a point in stret- 
ched string when the .string is plucked sidetvays, and also the motion 
of the bob of a simple pendulum oscillating wttli a small amplitude, 
are some familiar examples of Simple Harmonic Motion. 

17. Importance o! Simple Haimonic Motion ; — The Simple 
Harmonic Motion is of great importance in the study of sound as a 
vibration of this type only gives riic sensariou oE a pure tone. Any 
other kind of vibration gives rise to a compound note which is com- 
posed of two or more simple tones. The importance of a tuning-fork in 
sound is in its unique property of giving a pure tone when sounded. 
All ocher known sources rf sound give out, when sounded, complex 
notes which contain a numher of tones. So when a sound of single 
frequency is required, a suitable tanii^-fork is used. 

18. Sound is a Wave-motion ; — Sound is produced by the 
vHnaiion of a sounding body, and the assumption that it is conveyed 
to the ear by means of waves is based on the consideration that 
the ch.aractetistics of wave propagation do also apply to the case of 
transmission of sound. 

(1) A wave takes time to travd from one place to anoUicr. 

Sotmd also takes time to travd from one place .to another, i.c. it 
has a definite velocity. 
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(2) A wave i«juires a roedinm to pass through Sound also 
requires an elastic medium to pass through. 

The medium as a whole docs not move but only allows the >ound 
to pass through II 

^B) Waves are icBected or refracted obeying debnite laws. 

Sound IS also refleaed ot icfracicd acooiding to the same laws 

(4) Two seta of wavts meeting each odier at the same place of a 
medium at the same time may de-stroy ilic cITect c£ each oiner under 
cectwin condinons. Has is the phenotneocn of »«ter/erence 

Sound also shows interference, as in the phenomen.t of beats (vide 
Art. 45), stauoiiary vibraiions (vtrfe Arc. 50), etc. 

(5) Sound can bend round an obetacle Moreover, sounds of 
different acuteness or pitch (uide An. 54) show this effect by different 
amounts. The phenomenon is hnoun as diffraclion. Di^raciion is 
possible owing to the wave character cl sound. Since sounds of 
ddferent acuteness have diSerent wavelengths, the amount of diSrac* 
tiob caused by them s^uld be diCetem. 

(S) A wave of condensation started from a source has actually 
been photographically deiected by K. \V. Wood Tlie reality of 
secondary wowefsts, first conceived by Huygens in his vvave-iheoiy, 
has been thus proved 

(7) The pheiioioeiioii of polarisation is shown by transverse 
waves only 17ight-waves being transverse show the phenomenon of 
polarisation but the fact that sftimd'Wavcs fail to show the pheti^ 
rnenon o£ polaiisadon prove that Uie vibration m this case h 
longitudinal and not transverse. 

19. Expression for Progressive \Vave»Motio« Assuming the 
motion of any panicle in the case of a pn^iessive wave to he simple 
h.artnonic, the displ.tccment of the parncle at any instant is given 
by. 

x=.a sin (<or— «) 

ulicre v-velocity of the wave. A =wave|cngih. r=ti«ie-peiiod. .= 
epoch, a = amplicude, andoi — af^ulat velocity. The wave lags a phase- 
angle < behind the origin, ic. a di'vian s r given by, »"= «. s'oee a 

distance A coriespoinls to u phase-angle 2tf. where r=disTancc of iht 
particle from the origin ; that is. 

2ir \ / 

V 3-).^ 

=.<r sin (w»-r) 
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Queslions 

1 . Explain, with the aid of a tUagiam, what you understand by ‘wave-motion’ 
and raendon its characteristics. How do sound svaves differ from light waves ? 

(G. II. 1957 ; C. U. 1953) 

2. Distinguish between longitudinal and Itaiisvenc waves. 

(Dei. H. S. 1951. ’53 ; Pat. 1941, ’47 ; And. U. 1950, ’51 ; Vis. U. 1955 ; 

C. U. 1956) 

3. Establish the relation s ~ itX for a wave-motion. 

(And. U. 1951 ; Pat. 1948, ’50, ’51) 

4. Define ‘amplitude’, ‘frequency’ and ‘wavelength’. What is the relation 
between velocity and wavelength ? 

Compare the wavelengths in air of the sounds given by two tuning forks of 
frequencies 128 and 384 respectively. (C. U. 1950) 

3 ; 1] 

5. State what it meant by transverse and loogitudinal waves. 

Define wavelength, frequency and amplitude of a wave. What U the relation 
between wavelength, frequency and velocity of propagation ? 

If the frequency of a tuning forit is 5G0, find how far the sound will travel at the 
instant when the fork just completes 100 vitoaiioos. Velocity of sound is 1120 fr./sec. 

{Alts. 200 ft,} (C. U. 19S6) 

C. When are two particles said to have the same phase ? 

(C.U. 1910 1 Pat. 1918) 

7. Describe and explain the terms ‘frequency’, 'amplitude' and ‘wavelength’ 

os applied to sound tvaves in air. What arc (he differences ia sensatran perceiv^ 
which correspond to difTerences in these quantities 7 (All. 1923} 

8. Describe the motion of a sounding body. How would you demonstrate 
the nature of tills experimentally ? 

[Hlnta.— For the first pact, set Art. 4. For the second part, ui Ch. VI. The 
nature ofilic motion of the vibration of the body will be represented by tlie wave-line 
on thu smoked paper.] 

9. A given tuning fork produces sound waves of wavelength SO inches, If 
the velocity of the wave is 1100 ft.y$e&, what is the frequency of the fork ? 

[Ans. 440 per see,] (Guj. U. 1951) 

10. Sound travels in air with a vclodty of 330 mctresfiec. at O’C. What are 
the wavelengths of notes of frequencies 20.000 and 20 per second ? 

[Ans. 1'65 cms. ; 1650 eras.] [Benares, 1950) 

11. A tuning fork vibrating in air sends waves of length lOO'B cms. The same 
tuning fork sends waves of length 382'4 cms. in hydrogen. If the velocity of sound 
waves in air be 332 metres/sec., calculate the velocity of sound in hydrogen. 

[Am. 1261-6 metres/sec.} (Vis. U. 1955) 

12. Define the angular velocity of a body mowng uniformly in n circle. Find 

its periotUc time. Show that the loot of the perpendicular drawn from the body 
to a fixed diameter of the circle describes Sim^e Harmonic Motion and hence define 
such a motion. {(J. U. 1933) 

13. Define Simple Harmonic Modon, and cx{dain it with reference to any 

familiar example. (C. U. 1921, '35 ; Pat. 1941) 

14. Explain Simple Harmonic Motion and slate its cliaracteristics. Show 

that the motion of a simple pendulum is simple harmonic. What pan dues S.H.M. 
play in sound ? (U. P. B. 1943 ; Nagpur, 1952) 

15. What are the principal charaeteiistics of a simple harmonic vibration a. 
illustrated by the motion of a pendulum ? In what respects is the motion of a 
pendulum similar to the vibration of a tuning fork ? 
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!6 Uescnbe tx^irntTils to danoMtratc that sound consists of a wav e-moiinis 
in air. Wliat is the nature of the wave coii«icu<in|[ * sound ’ (Pat. 192/) 

17. What ttasons ar* thete tor beisevin^ that sound m eonvcvtd hy wave- 
motion ’ (Rajimtaiia, 19.11 , C U 1929, '53 ; Dac 1932, ’40 • Utkal, 1951) 

IB What are the evideiites in sisppoii of the view that tound « propagated 
by means of wate-moiion, and that some matter u encn'itl for its propagation ’ 

(Pat 1933, ’40,0 U 19+9, ’57 , C. U. 1953) 
How do sound waves differ from h^hl-ware* 7 (I! U I919;C U 1953) 

resenthlaneea and differences between waves of sound and 'wavei of light 

ic/ C. 11. t9i3) 

20. IVfiai IS the importance of S H HI m sound ^ Deduce an expression for 
the Motvon of patticle tmiler S II M 


CilAFI'RR III 
VELOCirV OF SOUND 

20. V«]ocit} of Sound in Airi — Nuirerous cKamplcs can bo 
cited to eboA that sound takes an appreciable tunc to tratcl iiom onc- 
place to another Thus, though lightning and thunder arc produced 
together, the flash of the lightning is seen murh before the report of 
the thunder i.« he.trd When a gim is fired at sorrte distance, the flash 
IS seen before the soimd is heurt) , the pult of stcain Issuing frum ilir 
tvhisrJe of a distant loconiouve engine i$ seen before the sound 
It heard , so also the striking of a cricket ball with the bat is 
Seen before the hearing of the sound in each of ihevc cases the titne* 
interval between seeing and hearing is due to the difference between 
the tunes taken by light and sound to travel from, the souice to the 
observer. As light-wavcs travel almost instantaneously (186.000 miles 
per sec ) the time taken by li«ht can be nt^lcctcd m the determinaton 
of the velocity of sound The vdoclty of sound in air at O'C is 
generally accepted as 832 metres jkt sec 

21. ExperimeDtal Deterratnafion of the Velocity of Sound in 
Air : — 

(a) Open-air method.— Some lueinbcts of the I’aiis Academy 
first determined the veloaiy of sound in open an in 17.18 Their 
findings show that the velMity of sound ff) does nm dirpnid upon 
any changes of the atmospheric pressure; («) increases wltli tempera. 
ture and humidity, (ifi) increases in the direction of the wind and 
decreases against it According to the Dutch physicists Afoll, Van 
Beck, and others, the velocity of 'oond at 0®C is 332 20 metres per 
sec Bravais and Marlins cfetcrmincd the velocity of sound along 
a slope, the difference of altitude beween Faulhorn, the upper station 
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and the Lake of Briez, tic lower station, being '.2079 metres' while 
their distance was 9560 metres. Hicy f^nd velocity corrected to 
0°C. to be S32'37 metres per sec. During ibc Arctic expedition of 
Parry and Grecly, the cxpcrinien.ts were done at very low tempera- 
tures and almost the same result was XoimcL 

Arago did die following experiment in 1829. Two observers were 
stationed on the tops of two hills several mijes apart. One of them 
was provided with a gun while the other had an accurate stop-watch. 
The first man fired his gun, jhe- second man started his watch on 
seeing die flash and kept a continnons record of the time until the 
sound of the firing was heard. A large number of observations under 
similar atmospheric conditions were taken and the mean value [t sees.) 
of the recorded times was taken. If x ft. is the distance between the 
two stations, the velodty of sound v is given by, 
v=ar/< ft per sec 

Such determinations are liable to ttvo principal errors, vie. (1) the 
error due to the tmnd velocity, and (2) the personal equation of the 
observer. 

The first error ts that the velocity of .sound is affected, though 
slightly, by the velod,i 7 of the wind, it being greater in the direction 
of the wind and smaller against it. Ij is corrected by the method of 
reciprocal observations in which both the observers are provided with 
a gun as well as a stop-watch. "WiTicn one fires, the other records ihi 
time and vice v^sa. Suppose t, and arc the mean values of the 
time recorded by the mst and ■ second observer respectively. If 
the wind is blowing in the direaion of the second station from the 
first at the rate^ of e ft./scc, , 

v+cssrar/t,, and v-c^xfl, 

ft. see. 

Thus the effect of the wind is eliminated. 

The second error is that every man is apt to delay some fraction 
of a second to start the watch after he actually sees the flash of the 
firing, and thi.s delay-period varies from pCTSon to person and is a 
personal factor of the person making the experiment. This error can 
be avoided by making electrical arrangements for the recording of the 
exact moment of the gun-fire at one station and the report of the 
second at the other. 

■Regnaiilt took' both of these precautionary measures in the det-r- 
mination of the velocity of sound in open air in 1864 at Versailles. 
He found the velocity ereater in the case of sounds having g’'eat 
loudness, such as explosions of bombshell, etc. Snund-rangirtg 
methods (vide Art. 30'. used during the Great War of 1914-18 for the 
location of enemy guns, etc. ^ve the most recent and modem means of 
determining the velocity of sound in open air. 

Vo], I-S5 
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. (b) Laboratory Method. — ' 

1 , By resonance of un air columa (utc/e Chapter VIII). ' 

' 21. (A) Velocity ul Propagation ot Sound through Rare Gases : — 

Kumft's Tube Method (wd^ Chapter VIII). 

22. Nemon’s Fomuja lor the Velocity of Soond s — Sir Isaac 
Newton %vas the first to forinulate a laiv that the velocity of 
transmission oi a tomptesslon or ratelactton wa>c in an elastic 
metJiura is equal to the square root of its biilk-elasticity [ytde Art, 
216 (li) Part I] divided by the density, that is. 

■ Veloaty=i/E®!»^; ic. 

1 V Density V 'D 

where £ is the rnodiilur of b>i|> eUssuctly of the tiiedlum, and D, ihe 

densrty af tlio medtum. 


Now, the modulus ci bulX-clastceir>', £= — * 

^ ^ strain 

‘ In the case of gases, stress is the change in pressure per Pnif area 
and strain ts the corresponding cliange jn volume produced per unit 
volume [wie Art 211, Part I]. 

' Considec a gas of volume V c.e. under a piewure P dynes pec 
trait area. Lee the pressure be now increased by a very small amount 
b pec unit area, and consequently let the voliitne he decreased by a 
hnall amount v, the tempetatutc temainins co^stas^t. 

Then, the isothermal bulh-elasucity, 
t. stress taerease of pressure per unit area 

“ strain ~ consequent dwreasc of^luioe per unit volurne 


v/F a 


( 1 ) 


Neifton assumed that when found travels through a gas, the 
change of pressure lakes place under isothermal condition, i.e. it 
tofeej place so slotc/y that there ts no efurnge af temperature of the 
medium, So. we have, according to Boyle’s latr, 

, PVe={P+p){V-t/)’=Py+pr-Vp~pV. 

' ' Since in the case of sound-waves the changes in pressure and 
volume .ire tcry stnall, p and v are very small, and so the ptotluct pa 
is negligible. 

py^vPi or pVfv^P E=P ■ from (1). 

’ Thus the isothermal elasticitj of a gwv « equal to its pressure. 

Hence, by Newton’s law, the \cIodtjr V of sound in a gas is 
given by. 
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23. Calculation oi the Velocity of Sound in Air at N.TJ*. : — 
Normal pressure is the pressure exerted by a column of mermry 
76 cms. in height at fl^C. at the sca-leve! at 45" latitude, i.e. 
P= 76.x 13-596 X 9806 dyne8/ciiL*=l-013xlO® dynes/cm.^ 

Again density of air at 0*C.=(MX)1293 gm./cc. 

Velocity of sound at N.T.P.=./^.- .t Afix lS- 596 x 980-6 
Vo'' 0-001293 

inetres/scc. (approximately). 

But this value of the velocity of sound at O'C. is not in agree- 
ment with the value obtained by actual experiment, which is 382 
metres per second. 

24. Laplace’s Correction (Isolfaermal and Adiabatic - Elasti- 
cities): — The calculadcn of the elasticity of a gas, according to 
Newton, involved Boyle’s law according to which cfiangcs oi pressure 
find' volume of a given mass of gas take place at a constant tempera- 
ture. Newton assumed that the changes in the air taking place in 
wave-motion had no effect on the temperature, i.e. the chan’es were 
isothennal. About 20 years later Laplaee pointed out in 1817 that 
the dianges of pressure when sound-waves travel through a gas, are 
so rapid, and the radiating -and conducting powers of a gas are so 
poor, that coualisadon of temperature is improbable, So Newton’s 
assumption tliat the temperature remains constant is not corrc't. 
According to him_ the changes, that take place- id a gas when sound- 
waves travel through them arc adiabatic {wde Art, 05, Part 11), i.e. 
no .hear enters the gas from outside, or leaves it from Inside. That is, 
Laplace held that the alternate compressions and rarefactions take 
place so rapidly that die heat developed in the compressed layer 
remains fully confined to the compressed, layer and has nn time to bo 
dissipated into the entire body of jhc gas, and similarly the cold 
caused in the rarefied layer cannot be compensated for ty flow of 
heat into it from other layers. So Boyle’s law does not apply to' 
this case, 

['VVlien sound travels in air, or in any other gas, the particles of 
the gas are suddenly compressed at the condensed part of the wave, 
and suddenly separated at the rarefied pan of the wave. If a gns is 
compressed, or- allowed to expand, suddenly, its temperature rises or 
falls momentarily, and, -with the rise or fall of temperature, the pas 
expands or concraas. Now consider the effects of changes of f’m- 
peraturc on the elasticity of a gas. During. compression .die tempera- 
ture of the gas rises owing to which the Volume of it tends to incrc.nsc 
and so a greater increase of pressure is ncccssarv to produce a given 
diminution of. volume, than what is necessary If the. temnerature of 
the gas remained constant (i.e. Bovlc’s law held good) durinp the 
compression. So the elasticity in the fct case (when temperature 
increases) is greater ' slmn that in the second (when temperature is 
constant). Similarly, during rarefaction .the temperature of a gas 
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falls owing lo which ilie vcJume of ic tends lo diminish, and so 
a greaier_ diminution of pressure is necessary to produce a gi\ca 
increase in volume than vrhar is necessary if the temperature of 
the gas remained constant. So hem also the elastiCiiy is greater than 
tliai m the isotlierrnal case. Consideiing the alxive. llaplace said that 
the value for the elasticity E under adiabatic conditions should be 
used in the Newton's formub for the velocity of sound.] 

It IS known that the relailoo Lectveen the pressure P and volume 
F o£ a ccctaiii mass of gas under adiabatic conditions is given by 
Pl’vwconstani (yide Art. 66. Port II). 

wh r ^ consta nt pressure 

ere y= * ip. Tjj, <j“f the gas at coostanc volume ’ 

The value of 7 for a A-otomte gat like oxygen, nlwogen, or air is 
1'41 (for a tri atomic gas like CO, it Is 153). Now suppose the 
pressure of any patdojur foyer ot air is increased adiabatically by a 
small amount p by which the volume is decreased by a small amount 
«; then, we have, 

pr»_(p+f,Mr-u). .i"(P+f) (i-p)' 

hy the BiELomtal thcoiem. 

But as (u/V) h very small, higher powers of it are sail smaller 
and can be neglected. So wc have. 

p=(r’+f)(i-T-;;) 

=p-r.!? -T'9^+P. p=y ^ +r .S’ . 

But since p and v are each small, pu i* still smaller and can be 
neglected. 

So, ?-tP- 

So the udiehalic elasticity^ ^^=yP, (w^e Art. 122) 

This shows that the adiabatic elasticity of a gas is 7 t'mes the 
isothermal elasticity P. 
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Therefore, the formula for the vclodty of sound : 
Lapjace’s correction becomes, 

Hence the value of the velocity of sound io air 

/TiTlTP „„ ,,, 




=280 X j/l‘41=332‘5 metres per see. 

25. Effect of Pressure, Temperature, and Humidity on the Velo- 
city of Sound in a Gas : — 


(I) Effect of PreJSHre.™ If temperature remains constant, a 
change ot pressure does not affca the velocity of sound tliruugh a 
^as. Let P, and P. be the pressures of a given mass of gas, v, and 
Uj the volumes, and 2>, and O, the corresponding densuies. Tem- 
perature being constant, wc have, by Boyle’s law, PjVjsPjUj; 



But volume varies inversely as density, ie. ^ ^ , 

because VjDjBUiDjs'masssa consunc. 

T-, P. D, P, P, 

Hence ; or, ^ a constant 

Therefore, in the fonnula, f's the fraction-^ remains 

undlangecl. Hence, the velocity of sound in a gas is indcpendenl of 
^ny change of pressure vrhen temperature remains constant. 

(II) Effect of Temperaturer—With change of temperature, there 
is a change of density and so the velocity of sound should be different. 
Let £>, and D, be the densities of a gas at 0*C. and j®C. respectively. 
Now by Charles’ law, 

Z>, = Z>e(l+o;f). 

where a = coeff. of cubical expansion of the gas=2^ . 


That is. 




273+t 

273 


a) 


Let and Vt be die velocities of sound in the gas at 0°C. and 
t°C. respectively and let the pressure of the gas have the same 
value P. So we have. 


Do 


=v'— 

V D, 
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»vhen T and are tlie abwilute tcnipciatucas corieeponding to I'C. 
and O’C. respectively , 

Therejore, ihg veioctty of sound in a gas is direclly broporhonal 
to the scpmre root cf tfs aosolutc temperature. So the velocity of sound 
in a gas increases with the n*c of temperature. 

U'c have, from eqn, (2) above, 

= t'u^l + i'v ^ terms 

containing J* and higher powers of t. 

in rhe case of air, F,=332 metres per tecood. 

Vf s9S2^1'f 5 ^ metres pet second 

k(8S3 + 06u> metres per second. 

Hence, for each cenhgrttae degree rvte in temperature, the velo- 
city of sound \n air jnrre<jJ« by about 001 metre or Cl ems, ie. 
about S ft. per second. 

(Ill) Effect vj Hutnjtltiy — The dcnstiy of water-vapmir is less 
than the dcnticy of dry nir at ordinary temperatures in the ratio of 
062 '1 Therefore, the presence of water*vapoiir m the air loivers 
the density of air and so iiKtcises the vclocitv of sound In it Hcrce, 
for a given temperature, the velocity of JOivncf m damp air ts greater 
than that in dry air. 

Correction for the Presence of Moisture in the observed Value 
of the Velocity of Sound In fyit . — 

If = velocity in moist air at pressure P mm and remfcraiu'e t'C 
I' 4 =»ve]t>city in dry air at pressure 760 mm and temperature t‘C. 
D„,=sdcnHtj of moist air at pressure P mm and temperatu-e I'Cl, 
Zi^i-idenaity of dry air at pressnres 7C0 mm and icmperaiuic r®C., 



Now. if /=s'aniration prewure of w.iter-vapmir at t“C., we have 
of 1 c.c of mtrisi air at nre'sure P mm. and tc'npc"ature 
r*C=wt of 1 cc. of drv air at pressure (P-f) mm and letmerat '-e 
t*C + wt of 1 cc of moisture at pressure f mm and temperature l‘C. 

^ahoti’v law). 

We know that the mass of 1 cc. of v?atcr-vapoiir=0622xmass 
of 1 cc. of dry air. 

Now. became the denary of a gas at a constant temperature 
varies directly as its pressure, we have. 
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>.O,+0-622x4-.D,_^'(P-/+0®2xfl'. ■' '■-'1 

-^(p-oaim ;® 

•- ^'d = y,«\/ 1-0-378 ^ . ; 

26. The Velocity of Sonnd in Different Gases : — We know that 

the velocity of sound in air, ^ , where Da is the density 

of air and V„ the velocity of sound in it Under similar cond'rions 
of pressure and temperature, the velocity in anotlier di*atoroic gas 
(for which the value of y tlie same), say hydrogen, . • ..j 

''‘-Vi /tvs- 

So die Velocity of sound 'in a gas is inversely propordonal to tnfe 
square root of its density. Tliiis if f'o, Vh he, the velocities, and Dj, 
Oji the densities of oxygen and hydroqcn respectively under the 'same 
conditions of temperature and pressure, we have,’ 

V,. Vo; y 16 4 

27. The Vclocl^ of Soioid in Water : — 'i he^ velocity of 'sound 
in water was determined by Colladon and Struni in 1B25 in the lake 
of Geneva, where a large tcU. hung 'below the surface of water' 'from 
the side of a boat, was struck by a hammer. The sound was receded 
th-oiigh a son of ear-trumpet fixed in the water to another -, boat, 
which was placed at a distance of 2 miles. There was an arrangement 
in the first boat such that, at the instant the hammer was struck, 5 
charge of gunpov.-cler was ignited ^ving a Bash in the .air which could 
be seen by the observer in the second hoat. The interval kcDveen 
the flash and the report was noted and the velocity was calculated i^i 
the usual way. 

Theoretical Calculation, — 

Velocity of sound in water, F«= f / el asticity ,vat« 
V density 

dcnsity=l gm. per c.c. and die adiabanc volume elasticity of water 
-=2-1x101’ dynes per sq. cm. 

cots, per sec.=1449 metres per sec. ' 
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This agrees fairlj well with the, experimental result. Note that 
this IS nearly 4 times the velocity of sound in air. 

In calculating the velocity of sound in any other liquid, the 
volume elasticity ^bulk modulus and the density of the iit^d. which 
nill be difFercnt from those of water, are to be eonsidcreJ, 

28* Tltc Velocity of Sound in Solids s — Snund travels much 
faster in solids than in air. The velocity oE sound m cait-iron was 
determined by Eiot hy stnXing with a haminer one end of a long 
scries o! tavt-iron {upes of lota) length 0JI metres ioincrl end t.v cn t 
The sound travels through the watli of the pipes and ilircu-»h the 
air jnsulc them with uncqu.vl speeds- An oLsener at the othw end 
noted the interval between vhe sounds uansmittcd by the metai and 
that hy the ait. The tntetval .between the sounds was 2 5 secenJs. 

Therefoie, if V »veioci^ of sound m fs'l irco. and f', dial ui a’>r, 
the time taken by sound to travel 951 meiies through cast-iron*d351/r, 

and that through 

Assumlag the ralue of the velocity of sound in air at the pa-ti- 
cular temperature, the velocity in cast-iron was rfetetmlned, but the 
result was not quite accur.vie. 

Tbeorodcnl Calcoiatloa. — When a compremon v-ate Is trans- 
mitted along a soltd, its velocity is given by Vts^yjD, where y- 
Voung's inoaiiliis of eiasueity for that marenal. For annealed Steel, 
>'*•21 ix 10 “ dynes per sq cm. and £*>7C3 gms /c.c. 

Ka* ems per scc.»5221 meues per see. 

V 7&8 

The piesent accepted talue of the velocity of sound in won is 
51.3[) merrei per second. 

(a) The Velocity of Sound in other Forms of Solids.— "^e 
velocity of longitudinal waves in solidv, when in die form of a s't't'S' 
can be experinicnlallv deiermincd in thv. laboraTOty as cxplaLficd 
in Chapter VU. ^Yhe^ the stljd is u. the form o! a tod, the 
Is conveniently determined ^ Kuodc’s method (vide Chapter VIII) 
Vliich is based on the ptilicipte or resonance. 

Ftoii) the table of velorities of sound it will be seen tliat sound 
travels faster m solids atid liquids thau in air. If the ear is aopliM 
to one end of a long wooden or metal board while somebody li'htjy 
scratches the other ctid. the sound of the scratching nil] be clearly 
heard, but it may not be audible when the ear Is removed from 
contact with the board, ie. when d»e sound travels through air. 

Similarlv, any sound made under water may be easily heard at a 
con.s;derabic distance by means of a submerged h>Jrophone (Art. l.'y) 
which is an iindcr-watcr microphone rccd'er ivith .a.sensiti'e rn«w 
diaphragm for recording sound-waves. But sounds do Ml reflOjiy 
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j>ass from one medium to another when the media di§er greatly in 
density. For this reason, when your cars are under water you will 
Jiot be able to hear the shouts of people around you made In air. 

The sounds made by a running horse’s hoops will be heard from 
a very long distance if the ear is appl.ed to the ground though they 
■may be inaudible when the listener is standing up, and similarly the 
ear in contact with a railway line cat<die$ the sounds of an approach- 
ing train long before they can be beard by others. This principle is 
applied by the water company’s inspector in detetting leaks in the 
water mains under the street. This is done by applying a rod to the 
ground above the pipe and pressing die car to the rod, that is, by 
making a continuous solid connection from the pipe to the ear when the 
sound of water running in the pipe will be readily audible. Similarly, 
the doctor presses his stethoscope on the chest in order to make a 
solid connection between the chest and the ear so that the sound 
in the lungs and of the heait-beatings may be audible. 

The principle may be applied for prevendne sound from pasting 
from one room to another of a building by making cavity walls, that 
is, walls witli an air space between thcia 


, 29. Tbo Hydrophooc :• It is a microphone receiver used for 

the reception of sound under water and for the finding of the direction 
o£ a sound. It is largely used in echo-dcpth-soundlng, location of sub- 
merged objects and ice-bergs by methods of echo-soundings, location 
of submarines by the 
method of sound rang- "f* 

;lng in sea-water and 
similar acts of sound-re- 
ception under water. 

Ordinarily, it is a 
tarbon-granulc type of 
transmitter adapted for 
use under water. It 
consists of a heavy an- 
nular metallic ring R 
provided with a central 
thin diaphragm D made 
also of metal. One end 
of a stylus S is fised to 
tile centre of the dia- 
phragm and the other end to 



Fig. M — The Hydrophone. 

. carbon-granule box C. The diaphragm 
The e.ids 


b and the back-end E of the box are separately joined t 
from a cable by which the receiver is dipped into the sea 
of the wires at the oilier end of the cable are connected ii 
headphone and a battery of cells. The back side of the ring R is 
provided with a screen B, called die baffle or ihe deaf side, since it 
cuts off the reception of sound at that end. The movement of the 
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diaphragm, due to the inrideoce of any vibratory lEsnirbance on it 
causes a liuciiiauoti of lestsniJie in tfce carbon granule box and so ol 
the current in the headphone dreuit For correct reception of sctin-l 
the receiver 5s lotatcd in alJ possible directions until the niaximum 
sound is heard in tljc }ieadplioi>& The direciion of the sound is 
normal to die plane of the diaj^iagm at this posiuoa. 

30. Sound Ranging In nar engagements the position of an 
enemy gun can be located by noting tlic Braes taben by the report of 
tile gun to reach seieral soond-derecung ttatiocs. 

These stations are ustiaDy selected oa a common base line at a 
distance of sortie miles from the enemy front line, separated from 
each other by iniertals of (eu* hundred yards. Each stadun h 
provded nith a boMrirc mieropboae uhUh Is a sensitise ele.trieal 
apparatus for deicetirtg aouods. These raiaophones ate clcctri ally 
connected to a centra) siaiion nhere the 'msMrtt oi reception «E scuni 
by each microphone u aucoroaucatly recorded. 

Suppose there ate three diffeteat ttaUons A, 3 and C (Fig. 15) If 
the report of the gun 
reached 3 a se.'ond later 
than it reaches A, dieo 
talisg 1100 ft. per sec. 
/or the tclofity of aotnd. 
ihv ai C, s.iy, must 
be 1100 ft farther from 
3 tlian from A, or 
(GB-G/l)wil[xv ft. If. 
a^ain. the report re.ichrt 
F.g. (i — Loc.tiiofi oTo Oun C thrce-fifths of a second 

later than at A, then 
(aC-GA)=\ xll00:r-6(50 ft- If non- circles nith md.i IJOO ft ani 
600 ft Tcspectiicly are drawn widi centres B and C, the gun G vdl 
he at the centre of a circle pns'ing ihrouch A and touching ea.h of 
the other circles Th.s new Circle is usually dr.niti by trial. 

3!. Delcnnination of Ship's Potion: — In fottgy v^eaiher uhen 
a ship finds it diRiojIi to get its hearing, it sends oi't sim Itane^'i sly 
ruo 'luuls — a wireless signal and anotlier unrier-watcr sound signal 
— lo the stations on the coast which are suitably eouipfel lor their 
reception and which in turn inform rhe shii> hv wireles' the iuccr'al 
hctweeti rereisinc the iiso sraals. Thus, if the inCcrsal is 2 '6~e. 
at ihe station 4. then the »Wp li 12x47141=9423 ft. fm-o 4, vhile 
an interv.tl of 4 «ccs. at B would Indicate that ilie «hip is at a 
distance of (4 -x 47U)=18B56 ft from B, where the velocitv of soi-nd 
in tei-waier Is 4714 ft /sec; nicre’ijre, the ships nos tion will be 
obrained hv interseedne arcs drawn on the chart with centres A and 
B and radii 9.423 ft. and IBBSS ft. lespeedxely. 
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Examples, (}) 10 itcontis katit. daftsed ittaxm the JhA and Ifie report of a gun, 

What is in distance, the temperature ieiiig 15V. ? {Fehcil^ ef sound in air at 0°C. = 332 
nutres per second.) 

From formula, F/=r, ^1+-’ ;so we have Fi6=332 ( 1+^ 1 

= (332 + 0'61 0 = 332+0-61x15 =332+9-15 =M1-15 metres. 

Hence in 10 seconds the sound would have travelled 341 -15 x 10 = 3411-5 metres. 
Tile distance required = 341 T5 metres. 

(?) A piece of stone is dropped ireta a teeU and the splash is heard after l'd5 
ticondf. Caloulale the depth of the mil, asssming Ike uelacUjr ground in air to be 332 metres 
per second. (Pet. 1919) 

If 1 be the time taken by the stone in falling, the depth of the well * = igt’. 
Hence the lime taken by the report to reach the mouth of the well from 

water = (T45 — sec. So the distance travelled by the sound, 

* = wlocilyx time = F(!-45-«). r(W5-0 as ig(». 

or. 332(1-4.5-1) « 1x9-81x1* (V g - 981 eras. = 9-81 metres) ; 

or, 332x1-43 -3321 = 4-91*; or. 4-9lt+332l-48l-4 = 0. l = 1-42 sseondi. 

Hence the depth of the well, * = 332(1-45—1-42) = 332 xO-03 = 9-95 metres. 

(3) Caleulalt the iiehei(f pf sound in air at lO’C. uihat the pressure of the 
it 76ems. 

A sound is emitted hp a sovree at one end of an iron lute 9S0 metres long and lute seundt 
are heard cl lA< other end at an fBirmel of 2-5 sees. Find ibe celoeily ^ sound in iron. , 

We, know that, V = ^ • 

The velocity of sound in air at 0*C. and 76 cms. pretsure. 

, To “ V ^ 

The velocity of sound at 10®C. •» 332-5+0-61 x 10 = 338-6 metres per sec. 
If V be the velocity of sound in iron expressed in metres per see., the time taken 
by the sound to travel 950 metres along the iron tube is 950/F sees. The time taken 
by the sound to travel through the same discance in air at 10*6'. is 950/338^6 secs, 
where the velocity of sound in air at 10°i7. = 338-6 metres per sec. 

'i'lie velocity of sound in solids is greatrr than that in air ; hence the time taken 
by the sound to travel through the iron of the tube is stnallGr than the time taken 
to travel through the n!r inside the tube. 

2-5 = whence F = 3107-92 metres per sec. 


(4) A man 
manv seconds is h 
metres per sec.) 

The man 
taken bv the si 
Kjs watch is sir 


sets his svatch tj the sum ush'slle of afacSorp ol 
is watch slower than the lime-/deee if She factory ? 


when setting his watch by the whistle did not take the time 
Hind to travel over a distance of 1 mile into copsidcration. Hence 
■wer than the factory time-piece by the above time. 


Velocity of sound = 332 metres per sec. = 1088 ft. per sec. 

1 mile = 5280 ft. Therefore the time taken to travel 1 mile = = 4-85 


seconds. Hence the watch is +05 seconds sbarer. 



• £56 


L'rxeR&IUMATK PH^EICS 




1. How wi)l you dcteni^e die velocity of found in air ? ^VlH ifie result be 

the same when a strong wind u blowing ? How will jou eliminate the effect due 
to wind ? Will the result be the same in summer asid in wmtef ? Give Tcasora 
for your answer. (All. 1031) 

(JUnts.— As velijcity inerran wnth lomperarunt, the value of It will be found 
to be greater in summer than in wnntcT.I 

2. Slate the law connecting the velocity of sound through a gas with >ts density. 
Oompare the velocitia iif sound in byilmgen and orygen under similar conditions. 

£■<« * s i] (O. U 1912) 

3. Calculate the velocity of sound in air on a day trhen the barometer stands 
at 75 rm> (tl,e arnsuy of air n 00129 amVex.). 

[det 330 7inctzapcractond) 

d(fl). Give Kewton’s tapraaiOTi for the vetotity of sound in a gas. 

(AIL IM6) 

(i) £.vpUm dearly the difTcrenC steps in the reasoning which leil to the 
introduction of Lapiaee'i eorremon in Newton’s ongmaJ etpression for the veleciiy 
■of sound in air. (Pal 1927 , All- IM ; tj. J>d IMO) 

(s) Prove that in the case of a perfect gas the nlio hetueen ihe adiahalsc and 
uotheemol elutieities u the same as the taiM between ita two specific heals. 

(R. U. 1950) 

S. ir tliR veliiricy of found in asr be given liy f s > show that S Is e'jual 

to tbe atmof' • - - - -• ■ e.» . . - * • • • • >..• 

M isolhercu 

anti teinpFi'd , < 

6 Pind the baroraetne pressure oa a day wbea the velocity of sound ut air is 
5-(0 metKsftee. and dcasity of the ait <f I 22y Kh* gm./cx., giien that the value 
of y« 1-41. (UP.n. 1955) 

[Ant. 75cmf. ofHgJ 

7. Give Newton’s txpre»ion for the veloewy of sound la air. Does it tally with 
<he experimental value ? If not. »»hy not ’ 

Ilow is the velocity of sound aHeeted by ebange of pressure, temperature and 
fcuimdity » (0-17 l&fS) 

3 Dscus the effects of icmtieratusc aird pecasurc on the velocity ot sound 
^ (Del. 1938 ; Utkjl. 1952) 

9 Describe v\ general terms the effocti of wind, peewure and tempeiature on 
the veloaty of sound in air. (G. U 1950) 

10. How can the tclority of sound in atmospheric air be measured ’ Give 
any two methods. How is tbe vdoesiy aflccied by changes of pressure and 


{c.U. 5957, *37, ’41, An » 94 ^'« ;ef Pat. 1921, ’50, ’40, ’4S ,U. P. B 1944) 
U Indicate bow 50 U could fiod the distaitcetJa itoriu by rming the tempera- 
ture of the a« and the interi-al between ilic flash of lightning and the sound ol 
thunder coming from the Mortn. 

What evidence could >t)u give that the velociry of sound 11 pracucallyin 
of the amplitude and frequency of the a ■' *" 

[lllnta.— ^^'hen sniiic one speaLs o 
ts a compound sound, i.r it consisu of L— . . 

Cut «s every lone tala the same lime to teach ui. evidently th- 
does not depend on tJie ampbludc and frequency of Ihe air vibrioons J 




If of cones of different 
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12. Tlie ratcrval between the flash of lightning and the sound of thunder is 
3 secs, when the temperature is 10°(1 How far aivay is the storm ? (Vdodty 
of sound ID air at O’C. is 1090 ft. per sec.) 

[Ans. lUOydsO 

13. The thunder accompanying a Bgfatnuig b heard 6 secs, later than tlie flash. 
Assuming the temperature of air to be 27%^, calculate the distance al which the 
lightning must have occurred. Vclodiy of sound in air at 0°C. = 331 3 mctres/scc. 

[Aar. 2036 metres approx.] (M. U. 1920) 

14. A cannon is fired from a station A at the top of a mountmn and observers 

are placed at nvo points B and C equidistant from d, 8 b at the top of another 
mountain, while C Ues in the valley bet w e en the Ovo. Assuming the temperature 
of air CO fall as sve descend, explain whidi of the observeis will hear the cannon 
first. (Pat. 1922) 

15. An ohserver sets his watch by the sound of a gun fired at a fort 1 mile distant. 
If the temperature of the air al the time b 15”C., what will be the error ? Mention, 
other causes which are likely to lead to errocs in the setting- (Velocity of sound 
in air at O’C. = 1090 ft. per sec.) 

[dm. 4-7 secs.] 

16. An echo from a clilT b heard 9 secs, after the sound U made. If the 

temperature of the air b 15'C., how Csr away is the diff? The velocity of sound 
at 0°C. =. 1090 ft./scc. (Pat. 1950) 

[diu. 2800 ft. approx.] 

17. If the velocity of sound b air at 0°C. and 76 cms. of mercury pressure b 
,330 metres per sec., calculate the velodcy at 27°C and 74 cms. pressure. 

fd«j. 946'6 metres per sec.] (C. U. 1935) 

18. On what factors, and bow. does the velocity of sound in a given medium, 
'depend ? 

19. The densities of dry air and mobi air are in the ratio 10 : 6. On a dry 
day a sound travels a certain dbtaoce in 6 secs. How long will the sound travel 
the same ducance on a mobt day ? 

[dnr. 5‘36secs.] 


20. On one occasion when the temperature of air was 0°C., a sound made at 
a given point was beard at a second point after an taterval of 10 seconds. What 
was the temperature of the air on a second occasion, vrben the time tak-en to travel 
benveen the same two points was 9-652 seconds ? 

[Ans. I9-7‘C] 


21. An observer sets his watdi by the sound of a signal gun fired at a distant 
tower. He finds that his watch is slow by ttvo seconds. Find the distance of the 
tower from the oberver. -rcmperatuie of air during observation b iS°C. and the- 
velocity of sound in air at O’C is 332 metics^ec. (Pat. 1939 ; cf. Utkai, 1953). 

[Hbts.—K= 332(14-0-61x15) = 341-15 meties/sec. 

.-. Di5tance='34!-15x2 = 682-3metres.] 


22. Calculate the velocity of sound in hydrogert gas, assuming the velocity 
in air to be 332 metres/sec. and havii« also given that 1 litre of hydrogen weighs 
0 0896 gm. and I litre of air 1-293 gms. 

[Ans. 1 262 raetres/scc. approx. J 


23. An explosive percussion signal on a railway is set off by a locomotive passing 

over it. A listener I km. away svith one ear on the rail hc.-irs two reporu. Explain, 
the phenomenon and calculate the time interval betweim the two sounds. Given 
y for steel = 2x!Cl= dynes/sq. cm. ; p for steel = 7-8 gm./c.c.; p for air = 0 0013. 
gm./c.c. • y for air = 1-4 ; P = 10* dynes/cm*. (G. U. 1953) 

[Am. 2-3 secs.] 

24. Hosv would you shosr that sound travels lasler m air than in carbon dioxide 

and slower in air than in iron ? (Pat- 1918 : Utkai, 1952) 
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25. Explain: If aq ohscrrrr ptocohisciu'HcKe to otip md of x tonglron.ptpe 

lino, lie can bear tuo distinct jounds «hesi. a Mockman baousen Ulc oUicr extd of 
the pipe line. (C U. 1950) 

25. E.xpbjr. bow sousid-oava liairc been used to determine the position of a 
ahip in a. sea in fogsy v.cath«r. 


CaiAPTXR tv 

KEFLECTION A^'D REFRACTION OF SOUND 

32> SooDd &ad Light Complied When a disturbance occurs 
in open air. souad-wnc* proceed tadiall; outuards in all directiaCB 
from the source .ts the centre, just as lli^bt radiates oat Iratn a 
centre ui .all (liiecciocs around ic. But there is a (unJamencal 
difference lieineen the methods ot thdr propagation. Sound it pro- 
pngaicd in the form of longitudinal ua\es. wherras light » propagated 
in che form cf cranstetse vases. The term rtrft of hght is used tn 
express the directions in vthkb bght-uasca proceed from a sojzce. 
Sinulorlp, an)* Lne, aJnag nhieb a sonnd.n.ne is propagated, may be 
called a sound rav These terras are, boueter. only a consen ent nay 
nf speaVitig and have uu reference to the actual rntfes uf prupazaUoa 
LtgUi*naies are redeaed from plane and spherical surfaces obeying 
certain Ians; sotiiid nates are also reflected according to the same 
Ians, Hs. that the angles of madeocc and reflection are equal and 
that the incident and reflected ray.s and the normal at the point of 
incidence arc in the some plane 'tut conditions under ohich reflec- 
tions of these tva waie* taLe place ate tvi-Jeiy different on account of 
the lengths of hcht-uaves unil the leoi^hs of sound.ua'cs telnr 
I greatly difleient. It must also be marked that light can tra'cl 
througb vacuum nbereas sound-naves require a rnacei.al raedium lor 
iheiT transmission. 

Under favourable coDiIiiioBs sound-vravM can al'o be refiected 
like light-oaTcs, and there may be also inlrrfrrenee due to ti'O s'a'cs 
of sound as due to mo approprias naves la the case of li’hu 

Light from a luminous source is usuaMy complex being romrosed 
of simple colours mixed up in some proportion. Sounds ein'nicj ^ 
c om mon souTtrs are also complcs. The quality of a round ^ (vi'de 
Chapter VI] depends upon the aomber of simple tones present in the 
sound, tlieix order, aoJ also on thrir relative inten'ities. The colour 
of a light, say, red or blue, depends upon die frequency of the va'es 
produced ; sirodarly, the fattii of a «ound [nde Chapter ^^) depends 
on the frequency of vibration produced 

Sound-waves arc detected by the auditory nerves of the ear while 
light-wares are detected by the opdc nerves. 

33. Reflection cf Sound In order that app-eciable rcHcction 
of a wave may taic place from any surface, die area of the surface 
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should be fairly large in comparisoa with the wave’.cng;th of the wave 
inaucnr on it. bound-«a¥cs arc much larger than light-wave^. The 
losvesi audible no.le has got a wavelength ot aoout haJf-an-in.h, and 
the highest audible note has got a wavelength of aoouc 32 ft.— for 
example, the wavelength corresponding to the note C is nearly 4 ft. 
whereas the waveiengrh.s of visiule light are inclutied between 10 and 
SO millionths of an inch. Consequently, it is evident that larger 
surfaces arc required for complete ichccdon of sound-.vaves than are 
required lor hgnt-uaves. On the Other hand, die sound-waves being 
larger do not require the reflecting sur^ce to be so smooth as may be 
required for light-waves. For th.s reason, a brick wall, a wooden 
board, row of trees or a hill-side, all serve as reflectors of sound- 
'vaves. The following experiments will illustrate how the reflection of 
sound-waves takes place like light-waves. 

(1) Reflection at a Plane Surface.— Fix a large plane wooden 
board AB vertically and place a long hollow cube with its axis 
pointing to some point C on. the hoani 
making a deflnite angle with the pline 
of. file board (Fie. 16). Now place 
another similar tube T, with its axis 
pointing towards C. Hold a small 
tvatch Just in front of the tube T, and 
put your ear af the end of the receiv- 
ing tube T} which is turned with the 
point C as centre in all possible posi- 
tions till, the sound of the watch 
appears maximuiD, a board S bc.ng 
placed . benveen the tubes lo cut oft 
the dirca sound. It will be found that 
sound dbevs the same laws of rcflec- 
don as li<fht viz— IS—Reflccilon of Sound. 

(j) The angle of rcflecdon is equal to the angle of incidence; 
that is, the axes of T, and T, make equal angles with the normal 
to AB at C. 



(iV) The reflected sound ray, the incidenc ray, that is, the axes, 
of T, and T,, and the normal at the pdne C of incidence on the board 
lie in one plane. 

(2) Reflection by Concave Surfaces. — T wd large concave spheri- 
cal mirrors M and M' are 
placed coaxially on a 
table facing each odicr. 
A watch is placed at 
the focus of one of them, 
j\f. The sound-waves 
proceeding from the 
rig. !7 watch being reflected 

from the first mirror will fall on the second mirror, and wiO be con- 
verged at the focus of M' where the sound-waves can he received by 
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ihe car £ bj' means of a fimncl tube. TTie titlclng of the s\atch wilt 
be disunctly heard at the focus, and it will be inaudible at other 
points, or at the same pcant. by cSsplacing the mirror a little 

_ 33(a). ^Pmcticill Example* t— The Jitiaciple of reflection of sound 

IS applied in speaking tubes, air-trttmpets, doctor^ stethoscapes, etc. 
In these cases 
the sound-waves 
ate reflected le- 
peatcdly from 
side to side uf 
the tubes (Fig. 

18) Here the 
sound-waves can Fig 18 — R«iI«etion> m a Tubs, 

not spread, so 

the energy of the 'wa-ves, instead of being d'istnhuted through a rapidly 
Increasing space, remains more or (css coniinrd within the limits of 
the tubes, and *o an eat, placed at the dittint end. can hear llio 
sound distinctly. 

Refleciloa ta an Audilocliun. — Sotneckne* the rooms and halls 
of buildings with arched ceiling serve os rcfiectors o! sound-water 
The ttslLs of large halls oho often reflect |hc soued-waves which 
inreifere with the words of a speaker, and the effect is confusing 
This may be avoided by the hanging up of screens and curtams 
which are bad reflectors for sound-wates Thf Interference Is als^ 
avoided to a certain crieni when the liall is fJlcd_ with an audience 
whose bodies serve to dampen the sound, and for this reason it is often 
easier to speak before a large audience than in an empty liall On 
the other hand, it has been found chat in the open air, where there is 
no echo, it is rather difliCTiIt to make oneself heard to a lar'm crowd, 
and this is not so in a big hall as a certain amount of reflection helos 
in increasing the vnliinie of sound. It has been prai ticallv seen that 
the effect is better when tlie echo is heard ttenrly about 2 seconds after 
the otiginal sound. 

In churches there is often a concave reflecrini; board abo\C the 
pulpit which reflects the sound ntirfe by the preacher down to the 
congregation 

If a source of sound is placed at the focus of a parabolic reflector, 
the sound-rays arc rendCTed parallel whareby they Mn rc.icli great 
distances. 

It is known to everyone that the hollow of 'he hand held at ihe 
back of the ear in a Curved way serves to concentrate the sound- 
waves and thus helps 'Ue to hear a distant sountL 

34. Echo rafters sound returns baeU after reflection from an 
obstacle, it IS called an echo. A speaker's own words at a place arc 
often repeated by reflection from si distant tretemded surface, such as 
a distant cliff, a row of buildings, a mw of close trees, etc. The 
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phenomenon is kno^vn as an echo and is a very familiar example of 
the reflecdon of sound Tv-aves. A sound made near a wall, or hill-side 
inU be reflected and hetird as two disdnee sounds, prodded the dis- 
tance benveen the observer and the reflecting surface is large enough 
10 allow the reflected sound to reach him without interfering with the 
direct sound. The impression of a sound persists for about j^th of a 
second after the exciting cause ceases to exisc This period may, 
therefore, be regarded as the period of persistence of the sensation of 
sound. Taking the velocity of sound in air to be 1100 ft. per second 
approximately, a sound-wave can travel 110 ft. in y^th of a second. 
So, in order that die echo of a sound may be distinedy heard, the 
reflecting surface should be at a distance not less than 65 ft. from 
an observer, in order that the refleCTcd sound-wave may reach the 
ear of the observer not earlier than j\jth of a second after the first 
sound is heard. 

Velod^ of Sonnd fay tbe Method of Echo, — By means of echoes 
h is possible to obtain a rough estimate of the velocity of sound. 
Suppose you stand some hundreds of yards from a l^ill and cry to 
find out the time berween a shout and its echo. If you are 600 yds. 
from the hill and the echo comes back in 3 seconds, the sound has 
travelled price 500 yds. or 3000 fc in 3 seconds and therefore has 
traveUed 1000 ft- in a second. So the velocity of sound is 1000 ft. 
per second, 

Series of Echoes. — Suppose a person at A is placed between two 
reflectors B and C situated at a distance of 330 ft. from each other, 
so that the distance AB is 110 fr. and AC 220 ft. Now if a pistol 
is fired at A, the w.ive travels to B, is reflected and comes hack to 
A reaching in =' second. The wat'e then travels to C and 
comes back to A in ViW = ^second after the first echo, i.e, ^ 
second from the beginning. The wave again travels to B and is 
refleaed. This goes on. 

But in the beginning the sound-wave also directly travels to C, 
and comes back to A, after reflection in ^ second. It then goes to B 
and comes to A, second later and so on. So we get a scries of 
echoes resulting from B. in second, and another 

scries of sound resulting from C in -JS. etc. second. 

Articnlafe Soimds. — In the case of articvlate sounds, however, 
the distance of the obstacle should be at least twice, that is, 110 ft. 
instead of 55 ft., as observed above. It is so, because a person cannot 
pronounce more than 6 syllables distinctly in one second, and the ear 
also cannot recognise tliein if more than 5 syllables are pronounced in 
one second. If a fjerson pronounces a, he takes ^th of a second for ic 
by which time the sound can travel through 220 fj., taking the velocity 
of sound to be 1100 ft. per second. So, an echo tvill KeTieard only if 
the refleedng surface be at least at a distance of 110 ft. from the 
observer. If the person pronounces any 5 syllables, say a, h, c, d and e, 
Vol. 1—36 



5Q2 


crriRittiMiti «Ksics 


and if the reflecting surface be 3t a distance of 110 ft, then he will 
hear the echo of the first syllable just as he is about to pronounce the 
second syllable b Simifariy. the echoes of h, c, d, uoulcf come to him 
by Jth of a second, just as he >s about lo pronounce tlie next one. So 
onij the echo of tlie last syllable will be distinctly heard This echo 
trhicli enables us to hear only one syllable distLactiy is cidlcd a mono- 
syllabic echo If tlie reflecting surface be at a disrance of two or 
three times, the echo will be di-^Dabic or tri-S3 liable and so on 
IZvidently, if the distance be n times 110 ft,, then the echo of the last 
n syllables can be heard. Echoes which enable us to hear two or more 
syllables are sometimes called pOty^xyltabic echoes, 

35. Echo Depth-saunding:— The phenomenon of reflection of 
sound has been anphed m measuring the depth of iJte sea. Tot this 
purpose a hydrop/iane is placed tinder water and a small imder^watet 
charge of some explonie is placed near it Two sourid* are heard 
when the charge is fired, the dticct sound of explosion coming to the 
hydrophone and the echo of it coming a lutlc oxter by reflection from 
the scabbed. The instants of recepnon o! the two sounds by the 
hydrophone are atitotu.aijc.olly recorded by a suitable device and the 
Latetval betw eerv d\em found out If tlitt is t see , then taking the 
lelodcy of sound in water to be 4714 ft per see., the distance of the 
surface to the sca-bed and back must be 4714 yt ft. i.e. the depth nf 
the sea is S3fi7< feet 

As iastiument constructed on the aboie principle known as a 
f.Khometer is used for dcpth'-viuDding in oceans. Echo of radio' 
iraies is used to explore the npper aimosphtre. 


Example*. U) ">«" ilaloatJ *<favr<i fttw f^alM f/t^V /rr» a fut lit lemt 
the iirit eeha tfler Ut sietrds etiJ fit next t/ler S net. IJOal ii Au/wJilinn brturm lAi rlifi 
end ithen he hears ihe third echo ? / Utkalt I95i) 

Let r be the veloc.ify efttnind in au, * the distance «f one of Ihe diHs from the 
msin, the distance of the other cUT Then, if the fi/st echo lie heard afin- tins 

seconds, 2 ^ ^ i or, X’ a 

The sound-wave wiH also be icflecleOby flie other cliff and eomc back after 5 


V ‘ 


(21 An 






iteen rr divides the distance between the clifli in the ratio 
I] be hcsinl 2 seconds alter the linn;; of the gun, for the 
ejiher of the ^ffs will be lencclcd flora ilic oiiin cliff 


appfaaehxng a faFnrf sarntoi^le/ A/ a rf|f, end emits e short uhutU it ken 
a mUr ami 'ine tths rtoehet Vie f^att ^ler d^reeendt CateuUste the speed of the enpeie 
ffnier the rrloeiljr ef eosmd so tr IlOOft per seooid 

Let A be the first position. R die second posilion, when Ihe ttho of the wlnatle 
heard arcl C the position of the eh'ff. 

Then AC=! } mile = 2540 ft. In 4| second ihedotance to be travelled by 
Hid = ItOOx { =4350fu Tlsedirtaace (4C+2JO ■=■4930 ft. 
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So BC = 4950-2040 = 2310 ft and^ = (2640 -2310) = 530 ft. 

This distance is travelled by the train in sets. 

Speed of engine = per sec. = 50 miles per hour roughly. 

(3) An echa npeatt S sjAhhUs, tach of mhitk nqtures \ef a seemi h pronmmee end J 

. <2 elapses between Ike laae lie fart syffaifa is heard and ike firsl pliable is 

eshoed. Calculate the distanee ^ the refieUieg surfaecj Ike Delecitjf of sound being 332 melres 
per second, 

The five syllables will take (5x1) >« I second Ui pronounce. Now § a second 
elapses after the last syllable is pronounced in order that the echo of the first syllable 
is heard ; so the time taken by the sound of the first syllable to travel to the reflecting 
surface and back to the observe- is 1 -}- J » | seconds. 

in I secs, the sound will travel 332xf = 498 metres. Thb distance is twice 
that between the observer and the reflcctug surface ; Uierefori the required 

• • 498 ' ' 

-dUtanee = -y = 249 metres. 

(4) A man slanding bi/ore a cliff repeals syllables al Ike rah of S btr second. When he 
''slops, he hears disliitcllji the last 3 ^tables echoed. Haw far is he from Ike cliff ? {The 

«(oef{y gf seimi in air is 1100 ft. per set.}. 

It has been explained already that in the caseofa mono-syllabsc echo the distance 
of the reflecting surface must be 1 10 ft. Now because ihe last 3 syllables are heard 
‘distinctly, the man must be at adotanceof about 3x110 » 330 ft. from the clifT. 

' 35 . J<fatiire oE the Reflected LoD^tudioa] Wave : — Whenever a 
ionghudinal tvave passing ibrough one medium meets another medium 
•of .’different deosicj, it, will be partly reflected, but the type 
of the reflected weeue ■will depend upon the density of the second 
snedium. This can be understood from the tbllo.wing illustrations: 

Reflection at a rigid surface.— Let a number of light and heavy 
jBted balls be arranged siircessively in one line, the light balls represent* 
ihg the particles of a lighter medium and the heavy balls those of a 
'denser medium, 'If a forward push, be given to one of the lighter 
halls, it ivill strike the iicxi bml. which in turn will strike its neigh- 
bour, and in this way, energy will be handed on from one to the 
other imtil the last light ball suikes a heavy bail. ' After the impact, 
the-light ball will rebound and s trik e a ball just behind it, and tlrus 
set up a reflected pulse backsvards. It should be noticed that at the 
time of proceeding forward, one ball was pressing against another 
‘and it appeared as if a compression wave was moving onwards. 

After the Impact, also, the same process is repeated backwards. 
.Therefore the . nature of the puke is not diangcd. Similar thing 
hapjiens in the case of longitudinal sound-waves. When such a •wave 
meets a fixed end, or the surface of a denser medium, a •wave of com- 
pression is reflected back as a wave of compression, and a ■wave of 
•rarefaction is reflected as a . wave of rarefaction, that is, in 
reflection from -a fixed and rigid surface, there is no change- of the 
type of the -wave. ■ ■ ■ ... ' 
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Reflection at a gelding surface. — 

Now, iu ilic above experiment, if a forward impulse be given to 
oae of the heavy bails the direction of modon of the heavy bail after 
impact with a light ball will remain the same, ie foiwarti But ibe 
second balJ, being lighter than the striking heavy ball, after impact, 
will move with greater speed, so it will create rarefaction behind it. 
Consequently, in the case of a iottgittuiinal vrave meeting a Icis dense 
medium, the reflected tvaue suffers a reversal of type; a compressed 
reave II reflectetl hack as a rare fled wave, end vice versa. 

If both ends of a ^ir.vl .are free, a pulse of condensation travelling 
to tlie otlier end is renecied along the same path at a pvilse of rare- 
faction. So also a pulse of rarefaction retuins os a pulse of 
condensation. 

37. Refnclion of .Sannd When sound-waves cross the 
boundary separating two media in which the velocities of transmission 
are diSereni, they are refracted obeying tlie same laws of refraction 
as for light The refraction of sound may be demonstrated by taking 
B lens-shaped India-rubber bag filled with any gas, say, carbon dioxide, 
whose density is diSetent from that of air. Befraction of sound, how- 
ever, has gut very Uctle important application in our daily life. 

(a) filffecl of Tempenfure.— As the density of air changes due 
the wange of temperature and to the velocity, it follows that change 
of temperature of air causes leCraction o! sound-waves During 
the day time t^c lower layers of air are at a higher temperature 
than iliose higher up So the sound-waves, as they travel, will be 
refracted upwards, s.e. thdr line of advance will be bent away from 
the ground, and hence the intenrfty at a disiance will be diminished 
due to this effect. On the other hand, at night time when the lower 
l.iyMi are colder tlian those above, as with layers of air over the 
surface of water, the bending of the hue of advance «tH_ be rnwards 
the ground and the intensity will be increased. So, in tins case, 
,sounri from a longer distance will be heard much more clearly than 
in day time. 

(b) Effect of TVind. — A sound-wave travels a longer distance 
near the surface of the earth in the direction of the wind tliati 
against it. 

This is due to refraction of sound. Each vo-tical column of air 
on the earth’s surface moves, during a strong wind jhrough a greater 
distance at the top than at the faonoin. ^^Tien the sound rnoics in 
the direction of tlic wind, the vekitity of sound is fftigmenlra more 
in the upper layers than in the lower layers of such a column. The 
direction of propagation of the sound being normal to the column, 
the sound bends downwards. <e, Acre is a eoncenuation of sound 
near die surface of the earth. .... 

When the wind blows against the sound, the velocity of the sound 
is diminished more in the upper layers of the air than in the lower 
layers of each column of air. So the sound is refracted upwards. 
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Qnesdons 

1. Bcsciibc An experiment to dcanonstiate the renecdon of sound. 

(C. U- 1946) 

Name a few appliances based on the reflection of soimd-waves. 

(Pat. 1944; r/C.TJ. 1946) 

2. What is an echo ? Give an instance where echoe* are a disturbance and 
mention briefly the measures that would be adopted as a remedy. (Utkal, I9S2) 

3. Wliat is an echo ? {C. U. 1946 ; Pat. 1947) 

Why is a succession of echoes somedmes observed t 

A man fires a gun on the sea-shore in front of a line of cliffs, and an observer, 
equidistant from the di/Ts and 300 ft. away from the flrer notices that the echo takes 
twice as long to reach him as does die report. Find by calculation or graphically 
the distance of the rnan from the clitEi. (Fat. 1922) 

[Hints . — A is the position of the firer and C that of the observer ; B is the place 
on the cliffs where reilection lakes place. (Set Fig- 16, Part IV.) 

From the questioD, AN = NC = ISO ft. it A, N and C are in the same st. line ; 
and AB BC, Hence calculate JtB, which is the distance of the mau front the 
cliffs.] 

j;^w. 259*8 ft-l 

4. Eaplaia bow eeAeu are produced. How may the phenomenon be ujcd to 
measure the velocity of sound m air ? 

5. A boy standing In a disused quarry claits his hands sharply once every second 
and hean an echo from the face of the opposite cutting. Ho moves until tlte echo 
is heard midway becween the daps. How Ur is he then from the reflecting surface, 
if the velocity of sound » that time is 1120 ft. per see. ? 

[Xrs. 280 ft.] 

'6. EsimUm.— brick wall reflects waves of sotmd but not tvaves of ligbt, whereas 
a small miRor sviU reflect waves of light but not of sound.” (G. U. 1952) 

7. How tvould you show that sound waves get reflected and obey the law that 

the angle of incidence Is equal to the angle of reflection ? Explain how the formation 
of an echo and the action of a physiaan’s steiltoscope are due to the reflection of 
sound wava. (Del. H. S. 1954) 

8. How are echoes produced ? Give a practical application of the use of 

echoes. (Utkal, 1947 ; r/. Pat. 1949) 

9. At what distance from the source of sound must a reflecting surface be placed 
so that an echo may be beard 4 secs, after the original sound ? (The velodty 
of sound in air is 1100 ft. per second.) 

[Am. 2200 ft.] 

10. A man standing between two parallel di£ (ires a gun. He hears one echo 
after 3 secs, and another after 5 secs. ; what is the distance behveen the cliffs ? 

. [Arts. 4400 ft.] 

1 1. Six syllables are echoed by a reflcalog surface placed at a distance of 650 ft. 

What is the temperature ? (F, = 1090 ft. per sec.) 

[Arts. -3-34”C.] 

12. A cannon is placed 550 yards from a long perpendicular line of smooth 
cliffs. An observer at the same distance ftom the cliffs hears the cannon shot 4 
•seconds after he sees the flash. If the ydocity of the sound is 1100 ft. per second, 
•when will he hear tlie echo frean the cKlft ? 

[Arts. 1 second after hearing the direct report.) 

13. E.-cplain the production of echoes. An echo repeated 6 syllables. The 
.•velocity of sound Is 1120 ft. per sec. What -was thedatance of the rcflecling surface ? 

[Ans. 672 ft) (C. U. 1940) 
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14. An cclio repeat! four lyUaUcs Find tbe dut 

if it taVes one-ditii of s second to pronounce or hear 
of sound = 1120 ft. per see) , ^ 

[Aai. •448 ft] 

15. A man standing betwrm two parallel elifls ft; 
echo after 1 1 sees , then a second 2} secs tficr the sho 
how these tluee eehoet are produced italenUie how i 
the shot and the third echo, and calculate the duiano 

[del. t = 4 scc.i. ; distance =2xvcl ofsound] 

16. How IS echo employed to measure depths of oc 


tance of the reflecting surface, 
one syllable dutinctly. (Vel. 

(Pat, 1914) 

re* a rifle. He hears the first 
■t. then a third echo Fucplain 
many seconds elapsed bew, ten 
• apart of the two chfli. 

(C.U, 1944) 
rani 7 (O.U. 1946) 


17. Desenbe erperunents to demonstrate reflection and refraction of sound. 
A stone dropped into a well reachm the water with a velocity of 60 ft /sec and she 
sound of Its ttrikmg the water surfaco is heard 2^ secs, after it u let fall Find the 
depth of the well and the veloeity of sound ui air. (Bihar, 2935) 

(e - 32 ft./5ee *}. 
lAru lOQft. i 1200ft.MJ 


CHATTER V 

RESONANCE: nSTERFERENCE : STATIONARY WAVES 

3S. Free aaj Forced Vibiatlone All bodies, no matter \>hat 
their size, shape, or suucture, vibrate m their own natural [serlods, 
when slichtly mstuibed from thor positions^ oi rest end left to them- 
JclvM Such vihration* are railed free tuVefiotir. The bob of a 
simple pendulum, when slightly raosra to one side and lliea released, 
vibrates with its own period depending on its length ; to also large 
structures like bridges, tali chimneys, and large ships on oceans have 
got their own n.stural periods of vihranon 

If a periodic force be applied to a body capable of vibration, and 
if the pcnosl of the force is not the same as the free period of the 
body, the body at first tends to vibrate in its own tvay but will 
iiliimatcly vibrato with a period equal to that of tlic applierl force. 
Such vibrations of ihe body arc called forced vibrations. 

Examples.— If a vibiating tunuig-fack fci held by the stem in ihc 
hand, the sound will be most inau^ble even from a small distance, 
but. if the sf • . • • • * •* ’ ’ IS much inten- 

sified The ‘ communicated 

to die table e rate Due to 

the vibrations of the table a large volume of the air in contact is marie 
to vibrate, and the waves thus set up are added to those originating 
from the fork, and, consequently, the sound becomes louder. 

The diaphragm of a gmmopbone sound-bos is a common example- 
of forced vibration, where the diajdiragm vibrates with fcenuencics 
corresponding to the tones conveyed from the record. The ■vibrations 
from the sounding boards of musical instruments like vioHn, piano. 
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etc. are also forced vibradoos. The sounding board of a violin is 
first set into forced vibration by die vibradoa of the strings, and tlien. 
the large mass of air inside the board also vibrates and intensifies 
the sound. 

39. Resonance; — When a body is Xuiccd to vibrate, due to an 
appUed external force, it vibrates with a very small amplitude, if the 
period of the applied force is difoent from diat of the free period of 
the body ; hut when these rwo periods are the same, the body vibrates 
with a much greater amplitude. The latter phenomenon is known as 
resonance. Thus resonance is a particular case of forced vibration 
and is produced when one body forces vibrations on a second body 
whose natural frequency of vibration is eqtud to that 
of the first. The principles of forced vibration and 
resonance may be iliuscrated by the following 
experiment: — 

Expl. — Four simple pendulums A, B, C and D 
arc suspended from a flexible support. The lengths of 
A and B are equal, and so they have got the same 
period of tibrarion ; C is slightly shorter, and D 
slightly longer than X or B (Rg. Iw). When A is set 
in vibration the flexible support is also set in forced 
vibration of the same period, but of smaller amplitude. pjg, 

As a result of the vibration of the support, a periodic 
force of the same period is applied to each of the pendulums B, C 
and D which are made to vibrate. It will be found that B, whose 
length is equal to that of A, readily vibrates with an equal amplitude. 
This is the case o1 resonance. The pendulums C and t) at first swing’ 
slowly and irregularly and then come to rest, but, ultimately vibrato 
steai^y with the same period as that of A, but with smaller amplitude. 
They show forced vibration. 

40. Resonance of Air-column: — The air- 
column within a tube may also be made to vibrate b)’ 
resonance, when a vibrating tuning-fork is Iicld 
close to the upper end of die tube. 

Take a vibrating tuning-fork A and hold it hori- 
zontally, as shown in the figure, over a tall glass jar B 
(Fig. 20), Now gradually pour water into the jar and 
note that for a certain length ED of the air-column 
inside the jar a maximum sound is heard. Pour more 
water in, and the sound disappears. This strengthen- 
ing of the sound is called resonance, which in this 
case, takes place when the period of vibration of the 
tuning-fork is equal to the natural period of vibration 
of the enclosed coluinn of air. 

It will be found that, for forks having different 
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freq-jendes ot \ibTaiioTi, the length o€ the au-colitmti ghing maximum 
resonanre will be dJFerem. It will be j»reater cr less as jbe frequent 
of vibration of die fork is lower or higher (for explanation, vide 
Chapter VIII). 


41. Soundiog (or ResoniUtcc) Boxes Tuning-forks arc often 
mounted on hollow wooden boxes, called sounding or resonance 
boxes. The sties of these boxes are so 
arranged that the enclosed mass of air has 
a free tibiaiion whose natural period is 
the same as that of the fork. When the 
fork IS struck, it sets the wood into forced 
nbration of the same pcrioci, and'this 
agrees with the natural period of vibration 
ol the enclosed mass of air; so the sound 
becomes louder due to resonance 

Here the energy of die vibrating fork 
IS quickly used up to setting the wood with 
the enclosed air into vibration, tvhereby 
loudness is gained ot the cost of duration 
of sound. So the action does not violate the principle of consenation of 
energy Insrtuments like the scnameier, vtoltn, silar, esraj, etc. are 
always provided with a large hollmv wondni ho.iiil known as a 
sounding board whose pruiciple of action is similar to what is 
Mpbuned above. When the handle of a tuning-fork vibrating feeMy 
is held on a table, the sound is intensified Here the inienuficatton 
is due to the vibratioti of a large Tohime of an which is made to 
vibrate by the forced vibration of the table. 



42. Resonators : — The great Ceiman scientist Helmholtz (1621- 
1894) constructed globes of bra.vs, each having a large aperture B for 
receiving sound-waves and a simll one A at the other side against 
which the ear is placed (Kg. 22). He udbsed ihe principle of reso- 
nance lo his investigations on the quality {tvlc - ~ - 

Art 54) of notes emitted by Taiious sources. 

These globes of various sizes ate called Helm- 
holtr resonators. In .t given set of dicsc re'o- 
nators the sire of e.ich rrsnnatnr is su^ that it 
can respond to a tone of pven fixed frequency 
and the tuning is so perfect that the particular 
tone, if present in a complex note, can be 
picked up with distiticiness, by pladng die cat 
at the small aperture A. 



Fig 22— 


43. Sympathetic VibrotiOD : — If two stringed instruments are 
tuned to the same frequency and if one of them is sonntied^he sccoM 
one also is .ntiiGmatically excited when placed clo'c by. The inducca 
vihration of the second is known as sympadietic vibration 
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Let two tuning-forks of the same vibration, frequency fitted to 
two resonance boxes be placed near each other. One or tbem is bowed 
strongly and then the vlhrarian is stopped by touching it, when the 
other tvill be found to emit die same note, although it has not been 
bowed at all. This is a case of resonance. The vibration of the second 
fork is called sympathetic vibration. The phenomenon will not 
happen, if the frequencies of the forks are not exactly the same. 

If a sequence of small repeated impulses be applied to a vibrating 
pendulum, and if each push be given exactly at the end of one com- 
plete swing, or, in other words, if the period of the impulse be 
exactly equal to the period of vibration of the swing itself, the pen- 
dulum will ribrate so that each succeeding swing will he greater than 
the previous one. It is fear this reason that soldiers are ordered to 
break step ithcn crossing a suspension bridge, as otherwise the regu- 
larity of the impulse due lo the steady mari^ng may agree with the 
natural period of '.ibrarion of the bridge, which vdll set up danger- 
ous oscillatioa. Similarly, a ship at sea may be thrown into danger- 
ous osdlladons when the frequency at which the ship is struck by the 
waves is equal to the natural frequency of vibration of the ship. 

44. Inietfercucc of Sound When two systems of waves travel 
through die same medium simultaneously, ue actual disturbance 
at any point of the medium at any instant is the resultant of the 
component distutbances produced by the waves separately be. 
the actual displacement of a particle at any point of the medium, is 
the algebraic sum of the displacements which the waves would sepa- 
rately produce. This is known os the principle of saperposition. If 
the crests of the nvo waves arrive simultaneously at me same pomt, 
i.e. if they are in die same phase, then they will combine to produce 
large crests ; and similarly nvo troughs arriving at the same point at 
the same instant will produce deeper troughs. But, if the nvo waves 
arc exactly similar, and if conditions are such that die troughs of 
one wave fall upon the crests of the other, i.e. if they arc in opposite 
pjiases, then riicy completely annul one another and the result will be 
the absence of any disturbance in die medium at that place at that 
instant and .the too sound-waves, in sudi a case, will produce silence. 
This is the principle of interference of sound. 

By dropping nvo stones into a pond simultaneously at two 
nelghbouTmg points, two sets of ripples arc produced and when these 
ripples meet one another, a definite interference pattern is observed. 
Some lines can be seen along whith ihe water particles are undi.snir- 
bed and there are other intermediate lines along which a maximum 
disturbance occurs. Similarly, for sound-waves, the compressions of 
one set may serve to neutralise the rarefactions of another set at 
Some points of a medium and to reinforce the compressions of the 
other set at other points of the medium. 
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/ 45: Beats:— When tno sounds preferably of the same type:and 

intensity but ''with -slightly dificrcnc frequencies arc produced together, 
a duetuatioti of loudness {uawng and waaing of sound) occurs at any 
place in the aelgiibaurbocri o£ the sosuces of sound due to the mutual 
intctfcrcncc of the tv.o 
notes In the tesuUitig 
sound-wave the com- 
ponent wa'cs periodi- 
cally tcinforce each 
other at some instant 
of tiine and destroy 
each other at some 
other instant of time 



o( t^o <i»d lo tte .mna hc-itd 

possesses a warac* 

teristic thxobbiag or beating effect. This fhenomenon is knovn as 
beats. The phenomenon may be icpiescoted graphically n» 
fnllous.'— 

In Fig. 23, die dotted curses represent two ua<e ryscems (arranged 
on the same tuiis) produced by t\ro vibrating tuning-IorLs o£ slightly 
different frequencies Ar the b^noing of a given second, the tno 
forks are swiagine tugedier so that iliey simultaneously send out 
condensaDons, and the result of the tno coedensanoni ullt produce 
a double effect upon the car (as at A. Fig S3). But as the frequencies 
' of the forks differ, the subsequent effects upon the ear 3* represented 
by the continuous curve, nhich is the result of cotnbiiiicg iliese too 
ivate systems, and b obtained bv finding tbe algebraic sum of the 
separate displacements, as time passes. 


It is evident from the nature of tbe_ conriniiowj curve that its 
amplitude saries in a periodic manntar, being matimura at A and C 
and minimum at B, due to which there is a periodic change in the 
intensity of the sound heard At A, when the vibrations are in the 
same pHaie, the resultant displacement is the sum nf the displace- 
ments of the wo components uases, and at B these are in ^^posite 
phases, and the resultant displacement is given by iheir diiierence. 
As the loudnc.ss depends upon the amplitude of vibration, the sound 
heard, for small intervals, corresponding to instants. A and C, is 
the loudest ivhen the ampStodes are maximum, and It is mintmum 
at S tvhen the amplitude is niinimum. Such fluctuations of loudness 
of the sound ,tre inoisji as heats. 

Suppose t>ro tuning-folks having ftequendes, 2oC and _257 per 
second respcciiiely, are sounded togedier If, ar the beginning of a 
given second they vibrate in the same phase so tliat die compressions 
for T.irefacrion*) o£ the corresponding naves reach tbe ear togetliei. 
the sound nil] be strengtheaem Half a seenrd later when one makes 
123 and other vibrations, rfiey niU be in the opponts phase, 
lea compression of one wave u® mute with a laiefaction of the 
other and will tend to pjodiice ^cncc. At the end of one second they 
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will-again be in the same phase and the sound tviJl be augmented, and 
by this rime, one fork will gain one vibration over the other. Thus, in 
the resultant sound the observer will bear the maximum of loudness at 
every interval of one second. Similarly, a minimum of loudness tvill be 
heard at an interval of one second. As we may consider a single- 
beat to occupy the interval between two consecutive maxima or 
minima, the beat produced in the above case is one in each second: 
It is evident, therefore, that wdien two sounds of nearly the same 
'ifararion frequencies are heard together, the number of' beats per 
second is equal to the di^erence of .the frequencies of the two vibrat- 
ing sources. Thus, if «, and be die frequencies of the 

two sources, then the number of beats per second is equal to («!— Oj)- 
Thus, the number of beats heard per second is numerically equal- 
to the difference in frequencies of the two sounds. 

45(a). Number of Beats heard per Second is equal to the- 
Difierence between the two Frequencies : — 

' Let the smaller of the two frequencies be n, and the other greater 
than it by n. Assuming that they start with the same phase, dis- 
placements produced by the nvo ivave-syscems at a point at soma 
instant of time t will be given by, 

y,=a sin 2enJ, and sin 2s(n^i.n)t. 

By the principle of superposition, the resultant displacement will, 
be given by, 

y=yi+y3'=« »*« 2sB,« + i> sin 2s(n^+n)t 
=sin cos 2rnt+a) + b cos 2m7j. sin 2trnt. 

This equation represents a wave-equation which may be condensed 
into the form y=F sin (2sn,^■^o), where F is its amplitude and a, thC' 
epoch. The values of F and a can be found by comparing the two 
equauous aud equating the coelBdents of sui 2erijt aud cos 2^n^t, 
That Is, 


F cos cos 2sni+a. and F sin ei=:h sin 2!mt. 


By squaring both sides and adding. 

F- = b' sin- 2!mt+lr‘ co^ 2snf-f2a& c 
'=a"+b-+2ab cos 2ent 
b sin 2ant 


Also, 


s 2snt+a 


- ( 1 ) 
... P) 


It is evident from (1) dial the amplitude of the resultant wave varies 
with time. It assumes maximum and minitnum values as follows: — 


when t=0, cos 2Tnt=l, F=a+b (maximum) ; 
when t=r- cos 2rBii=— 1 , F=d--b (minimum) ; 


vhen r=, — 


2snt=l, F^a+b (maximum). 
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Thus, in an interval o£ ^ second, two maxima and an intermediate 
-minimum take place. Similarly, it can be sliown that betvfcen wo 
minimum sounds, a maxitanm occurs in a period ol -1 see. So the 
•numhet of heats (two snetessire jnaxinia or two euccessive minims 
produce one beating effect) per sec. i8=t»>-the difference of the 
frequencies. 

46. Xuniiig losinuuents: — Ic should be remembered that beats 
•can b« heaid only when the Ircqticncies of the note* are nearly equal 
to each other; if their difference is gteater ilian 15 or Iff, separate 
beats cannot be heard and a discordant unpleasant noise is the result. 
It IS for the ahore reason that mustcal instruments aic Inned by 
means of beats. If beats are heard between the first overtone (vide 
Ch VII) of a lower note and Its oaave, say in the case of a piano or 
organ, tt is a sure test that the insiruineoi needs tuning Beats are 
not heard when the frequencies of the two sounds are exactly equal. 

47. PetCRtUnation of the Frequency of a Fork by the Method of 
Beats: — Tsro forks having nearly the same ^equency are tnounied 
*On sounding boxes and sounded tngetber. The number of heats in 
.any time is counted by means of a stop watch, and, from this, the 
number of beats per second is decermioed. which is equal to the 
■difference of the frequencies of the forks By knov*iiig jhe vibration 
frequency of one of them, that of the other can be determined. To 
know whether the frequency of the given fork v^ll be higher or lover 
than that of other, one of the prongs of the grueit fork is toorfed ui'Jh 
a little xvax, and the number of beats per second is again determined. 
The frequency of the fork is diminished hy lo.tciing it* prong. Hence, 
if the number of beats pet second obtained after loading me fork is 
^eater than the number obtained before, the frequency of the given 
fork must be less than that of the ktioivn fork ; if the riimhcr be 
less, then the frequency of the unknown fork is greater than that of 
the known fork 


N.B-— 'Hie frequency of a fork is increased by filing it. 

The iL«s of licnte are in (a) finding frequency; (h) tuning 
instruments. 




B liim'nj A»ti A mj B, tkeJrrjrxnfji of B 6ixng i/?. art Sounded 
5 Seats fief jeeoMd are tuRtsd A ss then filed and tl IS fo^d that 

«!) F\ni Iht Jttjmtg of 4- {All. 13!S ; C. U. ISHfi) 
Since A ts filed, its peiioJ b dnniiuslKd, »nd »ta frwjuency u increased j 
bm because beau occur a( shorter intervals, i* the number cf beats snereasrsby 
Increasing the frequency of A, it a clear that the Irrsiuency of .4 is greaier than that 
■of 0. 


If Til and R, be the frequencies of A aad B lespecuvrly, we have 
«.-n, -5 , i>rn.-SI2«S; b, -512 + 5 - 517. 

2’Se mlenal ietueen lae lates ts H mi l^e Sieier Une oiaies 6d iiSrawnr 
pir leand, Cakldatl the siumlrr ef 4r<tft Bcwmilj per ticond Irfasm the Imiei. 
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T!ie interval is the ratio of the two &eqiieiides {mb Art. 56). Let the frequency 
of the first be r, then tra have, 

= n = 60. Hk number of beats = (64— SO) = 4 per sec. 

(S) A fork of unknawn frtguat^ what mmbd adlh ate of fieguenof 288 gives 4 beats 
per see., and when loaded with a piece of aire iigaui^iKi d teats per sec. Hout do you account- 
for this and what teas the tinknowrtjiequai^ ? {Pat. 1945)' 

The experiment shows that the unknown frequency a in the begining was higher 
by 4, and after loading the fork with a piece of wdre the frequency n’ was lower by, 

4, i.e., it became (288—4) = 284. So the unknown frequency ii = 2884-4 = 292. 

48. Tbc ConditioDS for lotcrfcreocc of Tfro Sounds: — 

e Thc component waves must have ihc same frequency and 
ude. 

(2) The type of the two waves should be preferably similar. 

(3) The displacements caused by them must be in the same line. 

49. Experimental Demonstraiion of Acoustical Interference 
Two separate sources producing: waves satisfying die conditions for 
interference cannot be realised m practice. That is why, in practice, 
the waves from a single source are divided at a point and made to 
reunite again at some other region after travelling paths of dificrent. 
lengths. Quinke based 
his arrangement on this 
principle, and his appaia* 

Ills consisted of a mouth 
piece A connected to the 
two limbs B and C which 
toombine- again into one 
tube EF against which 
the eat is placed (Fig, 24). 

D ii a sliding tube, by 
drawing which in or out the length of the path ACDE can be suitably 
altered. A vibrating tuning-fork T is held at A and the resulting 
sound at F is heard. When the sliding tube is at D, the paths AB^ 
and ACDE are equal so that the two waves passing tlirougli them, 
meet in the same phase at F and produce a maximum sound. The 
path ACDE is then increased by drawing out the sliding tube D until 
a position D^ is obtained when a miiumutn sound is produced. The- 
difference in patli between ACDE and ACDjE is half the wavelength. 
By further drawing out the lube D from D, to D,, again a maximum- 
sound is obtained, the shift so made beii^ equal to half the wavelength, 
again. Thus the full wavelength of the sound used is obtained. 

SO. Progressive and Stationary Wares: 

Progressive Wave. — In a progressive wave a particular state of' 
motion is continuously transferred forward from one part of the- 
medium to the next by similar movements performed one after 



Fig. 24 
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•another by the consecutive puticle^ and so the paitkles pass through 
the same cycle of movements when the wave advances forward. 

’ITiiis, tlicugh the motions of the particles are otherwise similar (as 
the distance from the source of distucbaitce increases, the amplitude 
of motion, will however, deuxease. die phases of the particles change 
coathiuously fiom one to the next along the diicction of propagation 
-of the svave 

An ordinary sound-nave in air is an example of longitudinal 
progressiie wave and an ordinary waicr-nave is a transverse pro* 
^ressive wave. 

Stotlonaiy Waves.— When ino sets of progressive naves, having 
Uhe same amplitude and period, but travelling in opposite direcuons 
mill the same velocity, meet each other in a con^ea space, the result 
•of theic superposition is a set of waves, which only expand and shiijvh 
but do not proceed in diher directloiu. These waves are called 
Jialionary u-aues They ate so called becatise they remain confined 
ui the region in which |hey are produced and are non-progessive in 
characcei Moreover, the nacure of vibration at each posliioR along 
auch a wave is fixed. 

Stationary vibradont may be longitudinal as well as transverse 
in chaiactet In the ewe oC an organ pipe die longUudiual waves 
travelling from one end of it get refie«ed from the other end and 
travel back. Tbese ctiier.i anrl reflectni waves, identic.al in character 
but opposite in direction of travel, have also the <ame velocity and 
so they produce longitudinal sationary waves within tEe organ pipsi 
When a string stretched on a sonometer between two bridges is 
pluched, the transverse vibrations travel along the string and oeing 
reflected from the bridges travH m the opposite direction with the 
s.nitie vdociiy (wrfe Art 61) The direct and the reflected disturb- 
ances are identical in character, but travelling in opposite dlrcciioiit, 
produce stationary vibiations transverse in character which remain 
confined within the string 

Unlike in a ptogressLve, wave, here the patticles in the confined 
space Iving along a line do nOt successively pass through similar 
movemuijt, but each paiikle vibrates in a simple hattnonic tnannec 
with an amplitude which is fixed for it. Tlie amplitude is minimum 
fit equidistant fixed positions along the confined apace, ie. the patticles 
at siicli positions are pciniainmtly almost at rest. Such positions are 
called nodes. From one node to die next, the amplitude of vibration 
of the sucessive p.irtirlcs gradually increases to a maximum Rouble 
of the maximum for each constitncnr wave) midway between the mo 
nodes and then decreases to a nunirouin at the next node, but the 
jiarticlc-s bunveen the rwo tounective nodes are alwap vibrated m the 
same phase The positions oE maxirmim^ amplitude are called the 
antinocles. If the displaccmesJt is pontive in the region between two 
cDrisecruiive nodes, the dispJaceintxit is negative ia the region between 
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che next .two nodes, i.e. the particles between two consecutive nodes 
differ in phase by 180* irom the phase of the particles between the 
next two consecutive nodes. The positions of the nodes and anti- 
nodes are fixed and the features are invariable. The distance between 
tno consecutive nodes (or between two consecutive antinodes) is equal 
to half the viavelength of either of the two superposing waves. 


Graphical Representation of Siationaiy Waves : — 

In Fig. 25 is shown graphically the addition of two identical 
transverse simple haimonic progressive waves travelling in opposite 
directions. The fuU curve represents die 

resultant wave obtained by adding the n_ !ir^ 

ordinates, i.e. the displacements of the two 
dotted curves. The second diagrairi ih the ^jJ 

figures shows the two waves and their resulum, t » y 

at a time i T later than the first ; that is, 
each wave has advanced one-eighth of a wave- . _ j,.. .j- 
length A, one.jA to the rieht and the other s'-y B-'Cp 
to the left. The third magram shows the j 

waves later than the second, i.e. {T later • 
lhan ';he first and one of the dotted curves ‘"T” 
has moved to the right further than the 1 

f 'receding one and the other ^A to the left 
arihcr the preceding one. The doned 

jim-cs oeuadize out tDoihti Md .the pij, 2S-TI. p.™d.o .r 

resulung disturbance is represented by a ® Sutionary Waves, 
straight line. Slmilaily, the fourth and the 

^ih diagrams represent the waves and their resultants re.spectively after 
times I T and I T. By talnng times ^T, |T, etc it will be seen that 
same changes are produced in the reverse order. 


I ’ Note that the points of die full cutves marked K through which 
dotted vertical lines pass are always at rest. These, points are the 
nodes. The points midway, between the nodes "are the antinodes 
' Or loops. Tlscsc are points of maximuin disturbance. The resultant 
dismrbance simply shows a change of form-from instant to- instant as 
I given fay the full curve, but there is ho forward motion of the wave as 
) a whole. Such waves in which the positions of the nodes and aiiti- 
; nodes are fixed are stationary waves. 


51. Progressive and Stationary .Waves Compared : — 

Progressive Waves Stationary Waves 

. (1) All parades of the medium (0 All particles of the medi- 
<xecute periodic morions about run (except at some equidistant 
their mean positions, and have ptrints) execute periodic motions 
identical motions (with the dis- having amplitudes which are 


J»TBlMEDlrtE Plirsics 

Progressive TPaves Stationary Waves 

tance from ilie source iodeasiag, fixed lor them. From, a deGnue 
the amplitude will, however, de- parade along tlie line of prspa-- 
crease gradually from one parade gallon, the amplitude increasts 
to the next). gradually from a minunutn to a 

maximum at some other definite 
particle and then decreases in ihe 


(if) The wave travels onward 
with a definite velocity. 


(hi) The movement of ©ne 
particle begins just a little later 
than its predecessor, or. in other 
words, the phases of the partides 
change continuously from ©nc 
paiucie to the next. 


(tv) F.ach panicle oi the me- 
dinm in turn goes through a sinu- 
lar motement, i.e similar diahges 
of pressure, density, etc, a** a 
complete wave passes through it 
and is restored to its initial cojl* 
diJ-iew rs€h pprievhe 

(v) In a complete libration 
there is no instant when aU the 
parrides are stationaty. 


nviuiuuia ate called fioi?fsaadihe 
posnis (jnidnay ieiweta the 
nodes), where the amplitude is 
maximum, are called «ih'noifri. 
The period of motion for the 
panicles is the same as diat ol 
(he coraponent waves. 

(ii) The wave is not bodily 
iiausfetitsd ftotn one part of the 
niediura to another ; and the eeiU' 
pressions and rarefactions or the 
xicsts and troughs, in the ease oi 
longitudinal waves or oaesverse 
waves as Ae ease may he, merely 
appear and disappear withour 
progressing in either direction 

(ill) At any instant all the 

E .irtldes in any one s^ment, 
etween two consecutive nodes 
or antinodes, arc In the_ same 
phase, but the particles in two 
consecutive segments ate in oppo- 
site phases, 

(w) The particles at nodes 
undergo maximum change of pres- 
sure and density while those at 
autmodts undergo miiumutn 
change of pressure and density 
throughout a periodic motion. 

(p) Twice in each complete 
vihratkm all the particles are at 
rest at the .same moment 
line 3, Fig. 55). 
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52. Hermanii HelmhoHz (1821 — 1894); — A German physicist 
and Physiologist of very outstanding calibre. He made extensive 
researches on light, sound and electridty. He was son of a school 
teacher in Potsdam and began his life as an army doctor after studying 
Medicine in Friedrich Wilhelm Insdfutc in Berlin. In 1848 lie 
joined the University of Kdnigsberg as Professor of Physiology. He 
here invented the Ophthalmoscope for examination of the retina of 
the eye. After successively serving at Bonn (1855) and Heidelberg 
(’J858J as Professor of Anacuiiiy and Physiology he rvas then called to 
Berlin as the first Professor of Physics. In 1^6 he became president 
of the newly-founded Physikaliscd Tcclinischc Reichsanstalc (corres- 
ponding to the English National Physical Laboratory). 

He had a wide ranging capability 'for different domains of I<now- 
Icfigc and a rare aptitude for Madjcmatics. Two of his earlier works, 
Physiological Optics and TJwoiy of Sdand, made him a popular 
.scientist in his time. Some Laboratory instrument.? sucii as Helm- 
Iiolcz Coil Galvanometer, Helmholtz Resonators, etc. sjill bear his 
name. His most otirsianding contribution to Physics, however, lies 
in his explanation of tlic quality of musical sounds. He has sliown 
that the quality of musical sounds depends wholly on the number, 
order of succession and the relative intensities of the overtones present 
and is independent of their phase relationships. He also investigated 
on the physiological effects of overtones and fottncl that a note which 
possesses the few overtones only, not exceeding the sixth, besides 
the fundamental, has a pleasing effect on the car, while notes 
containing more overtones are generally discordant. 


Qucslions 


1. (a) Explain clearly ihc dilTcreftce lietwecn forced vibration find resonance. 
Give mechanical and acoustical illunrations. 

(ff. G. U. 1909 ; Bomb. 1952, '55 ; Pat. 1951) 
(ii) Write notts on ‘Forced vilrrailons'. (UAal, 1953 ; Pal. 1947, ’52) 


(Pat. 1931 ; R. U. 1955 ; Poo. U. 1952 ; East Punjab, 1953) 


3. Explain the principle of resonance. 

(Del. H. S. 1948, ’50, '52 ; Gnj. U. 1953 ; Rajputana, 1932 ; Utkal, 1953 ; 
Ail. 1925, ’29, ’45 ; Pat. 1929, '30; G. U. 1929) 

4. Explain why, when the hartdle of a vibrating tuning-fork is pressed against 
a wooden board, the intensity of sound is greatly increased. 

(C. U. 1915 -cf. 1920, ’31, ’47) 

o. Exp am w at you mean ^ ^ ^ 

6. Explain how rcasonaiors are used for the analysis of sound. 

7. Wliat arc ‘beats’ ? (Pat. 1947) 

Hosv arc they produced ? If two tunin^lbrks soundetl together produce beats, 

how Nvould you determine which was of the higher pitch ? 

(All. 1925, '32, '44 ; Itac. 1930 ; cj. Pal. 1932, ’40. ’41. ’45 ; cf. C. U. 1933, ’39) 
Vol, 1-37 
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_ 8. VVhai are 'lirau' ? How are tkey pcoduced ? IQviSKate VOJr answtt by 
suitable diagrama and iBenlioo some u>« of beats (Dac. 1951 ; Uckal, 1931) 
9. How has the phcnomrmm iif beats been used to determine the unknown 
frequency of a tuning-fork ? Expl^. (A.B 1952) 

10 A standard fork A bas a frequency of 25€ vibrations and when a fork B 
IS sounded unth A thrre are four hrao per second. What further observation is 
required for determining the frequency of S ? ( 0 . U. 1933) 

Id/iJ. Hie frequency is dihcr 200 or 252. To know evaetly the frequency of 
B, we should know whether the frequtscy of A it greater or les than that ofB] 


11. A tmiing-fork originaDy ii 


230 produc 


(Pal. 1DS2) 
waves of lenstb I 


[dnr. 252} 

12 Calculate the yetocity of sound in a gas >a svlitth f 
and 1 01 metres produce id beats in 3 seconds 

(U P B. 1954 ; Rajputana, 1919) 

[dw. 336 67 metrea/see-l 


14. Vou arc provided v*ieh two tonmg-lbrks of nearly equal frequeneiei. 

Cxplam bow >ou would proceed to find out which of the Ivrc has the greater 
Ceequeney (Paw IMl jR U 1952) 

15. Explain the phenomoioa of ‘besit’ to sound. How wilt you prove that the 

auraW of beats proaueed by two aouading bodxe u equal to the difference of their 
fSrequenelei * fR. U 1952) 

16 Dutingu'th beiweec a progressive and a stationary wavri giving an nxairple 
of eaeb ond illustratias your aosvrer by diogranu 

<0 U 1933 , U P. B 1950 ; a U. 1933, ’SS ; ^ Pat, J931, ’35, ’52 , All 1931, 
'39, *46) 

17. 5Vhat arc beats and stationary vibrations 2 Expbin by composition of 
vibrations the produemw of beat and stationary vibrations (Pal. 1937} 

IS yvbat are stauonary waves ? (C U 1917) 

19. Explain the terms, 'nodo' and ‘aotutodes* ; ‘fcreed vibration’ and ‘rrsonsnee . 

<0 U. 1949 ; C. U 1950 , Pat. 1949) 

20 Discingusrh clearly belwm ‘node* and ‘aiitiondc' 

(Ulkal, 1952 , Del. H. S. 1949 , Pat. 1943. T.O) 

2 1. Wnle a note on stalioiaasy andalalrans. 

(Guj. U. 1932. ’55. Bomb. 1930 ; Dac. 1912 .Bmates, 19 j3) 

22. 'What are nodes and antmodes * How will you ilcmnnvuaic ilieir 
existence ’ What vnll be the cITeot on the distance between tuceesave antinodes 
in a column of a ess by isereauog its teinr. and prcivuie ’ 

^ (Del. U. 1939 5 Pat 1929 ; C U 1950) 
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MUSICAL SOUND : MUSICAL SCALE t DOPPLER 
EFFECT 

53. Musical Sound and Noise : — Souud may be divided into two 
classes (i) Musical Sound and («) Noise. 

A musical sound is a cootmuous pleasing sound which is produced 
by regular and periodic vibrauons ; sounds produced by a tuning-fork, 
a violin or a piano arc all musical sounds. 

Noise is a general terra including all sounds other than musical 
sounds. It is discordanj^and unpleasant to the ear. 

The essential difference between a musical sound and a noise, 
generally speaking, lies in the fact iliat in the former case the 
vibrations are regidar end periodic; while in the case of a noise, 
the vibrauons arc irre^ar and non-periodic in character. It is, 
however, dlflicult to draw up a clear line of demarcation between a 
musical sound and a noise; for, in pracnce, musical sounds too 
arc seldom free from irregularides of vibration ; while, on the other 
hand, in noises somcrimes there is al» regular periodicity of the 
motion, Sometimes noise is accompanied by musical vibrations as 
in the clang of a bell. Moreover, the difference is only subjective. 
The same sounds may appear to be musical or noisy to different 
persons and under diSerent conditions. Therefore, the difference is 
more artiftcal dian real. 

54. Charactecisdcs of Musical Sound ; — Musical sounds may be 
said to differ from one another in the following three particulars: — 

{ly Intensity or Loudness; (2) Pitch; (3) Qaelity or Timbre. 

(1) Ritensity. — It is die measure of loudness or volume of a 
note. It is an objective consideration and depends on the energy 
contained per unit volume of the medium dirough which sound waives 
pass. It may also be measured by the energy which passes per unit 
area placed normal to the directitm of propagation of the sound. It 
is a characteristic of all sounds whether musical or not. 

(i) Loudness depends upon the square of the amplitude or the 
extent of vibration of the souneffug broy. "V^en the body vibrates 
with greater amplitude, it sends forth a greater amount of energy to 
the surrounding medium, and, hence^ energy received by the drum of 
the ear is also greater. So the sound becomes louder. 

Tire energy e of a body of mass j» vibrating with velocity v and 
amplitude a is given by, 

(wide Art, 12 ); ecca-. 
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®/ " noie, «Iii<-h «!epencU upon iLe cnercy 
vjbral ” P^o/>««ionffi to /he stjnare of the amphtndc of the 

{ii) ilie luudiiess of a sound is tttversely prnfvrtiona! Jo the 
square of the distance of ihc obsencr fruin tlic ioiirce of the sound 
(Inverse Square Law), 

Thus, the energy recfUcd by the obsenet at a distance of 2 
metres trom the source is only one-fourth of the energy which the 
obserser would receive when .u a distance of 1 tnetre from the- soiiicc 

[Suppose It is required to compare ilw intensities of the soimil 
!U two points A and jB, distant r, and f, from a source of sound fiom 
wluih the total sound energy cnianaiiiig jer second uniformly all 
atouud u E Draw two spheres with the source ns centre with radii 
r, anti r, rcspcctwely The .amount of energy flowing per second per 
umr area at A normal lo ilic surface of dtt 'plierc— -intensity at 
^=E/4ar,» ' ^ 

E hr* 

Similarly, the intcnsiiy at U—lo= , pm Thu I'l tlic 

iHiemily sit a point is imcrselv proportional to the square of the 
distance ] 

(iti) Tlie loudness of a sound «!e|)ciid'- upon the ilctutty of the 
vteiltum in which the sound is produced It is seen that the greater 
the riensity of ilie medium, the grcatci is the loudness of the sound 
heard 

It is seen that some effort is to be made to mahe oneself heard by 
anorher in aeroplanes or balloons when flying high up from the 
surface of the earih as the dentiiy of air iherun is stnall For the 
same reason the sound is more intense in carbon dioxide than in air. 

[») The loudness of a souii I depends upon the si~c nf the 
vibrating body. 

If the size he larger, than a laigct sotiimc of the mediuta is put 
into vibration, and greater amount of er.vrgy will pass pet unit area. 
So the sound heard will be Joiider. 

(o) The loudness of a sound is increased by the prcjciicc of rejo- 
riant hodici. 

The sound of a tuning-fork, or a Tibraiing string in air, is much 
intensified when placed on a sounding-box wliirii undergoes forced 
Mbration 

(2) Pitch. — The pitch of a note is that physical cause which 
enables us to distinguish a sbnll {acute or sharp) sound from a dull 
(flat or grave) sound of the same intensity sounded on the mme 
inudcal instrument It depends on the frequency of vibraiion cf the 
emitted sound Tlie higher the frequency the mote shrill is the sound 
and we s.iy that the sound rises in pitch As pitch is directly pro- 
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portional to frequency, it is customary to express the pitch of a note 
bv Jis frequency. 

The pitch is a fundamental property of a musical sound and a 
noise has no definite pitch. 

(3) Quality or Timber. — The quality or timbre is that charac- 
teristic of a musical note which enables us to distinguish a note 
founded CD one jnusical instrumoDt from a note of the same pitch 
and loudness sounded on another instrument. 


A miisica! note consists of a mixture of sereraJ simple tones ; of 
these the one iiaving the lowest frequency, tailed the fundamental, is 
relatively the most intense. Its frequency dcieriiiines the pitch of 
the note. Nnics o/ the same pitch and loudness sounded on two 
I'tijjerent vuisical inslrumetits differ in quality from each other oaing 
to the difference in the number .of other tones (or overtones) besides 
the fundamental, their order of succession, and their relative inten- 
sities. Any difference in respect of these factors introduces a difference 
in tile nave-form of a sound. So simply it may be said that tlie 
quality of two sounds will differ if their wave-forms differ (vide 
rig. 20), Now even if two sounds arc r\ /-v 

similar La respect of these factors, a Y' ' ' /A 

change in their wafc-form occurs, if the ^ \J \y \Y \ 
phasc-tel.Tiions between the overtones iuning/ori 

presenc in the nvo sounds arc different. /\ /\ 

ffclinholw found cxperimenmlly .that / ' \ / ~\ / 

M’hen any change in wave-form is due viotin ^ ' 

to tiifferpnee in the phxsc-relationship 
of the overtones, the quality of the two /v^ IW IVr 
sounds do not differ. Tliat 5s, quaUty x/ tv 

"ill differ when the wave-form differs elanntl 

only on account of difference in respect Pj go 

of the number of overtones, order of 

their succession, and their relative iatensliies. Helmholtz investiga- 
ted on the physiologic.ll effects of overtones also. He found that a , 
note posse.ssing the fundamental and the first few overtones not 
e.vcecaing tlie .sixth is very pleasing to the ear, while a note in which 
the fundamental has mixed up in it more overtonfa than the sixdi 
and wliicli arc relatively more intense produces a rnciallic and harsh 
effect. 

Since the quality of a no.ce depends on tlie number of overtones, 
their order and their rcl.itive intensities, nvo notes, similar in pitch 
.ind loudnc.ss, but differing in quality, "ill have different wave- 
fornis. though the' wavelength and amplitude of tlieir fundaiiicutals 
may be the same, and so ihdr pitch and loudness .ire also the same. 
So the nature of the displacement curve of a note rcprc.scnts its 
quality, 

S5. Deterrouiation of Pitch : — The pitch of a musical note is 
determined by the frequency of vibration of the source of the note. 
Betermination nf frequency may be made by the following methods; — 
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(1) Ssyart’s 7'oo(herl WIiccl.— This cnnsjsis of four ioodic<l 
whccJs of equal diameiei mauntetl coaieruncallv on a spindle fined 
to a whirling table (Fig. 27). 
The number of teeth on each 
islicel conforms to a certain 
II ratio, eg. 20, 30, 30. 18. 

A thin metal plate or a 
card-bo-tid C is clamped in 
4 front of the wheel so that it 
l^hdf presses against die teeth 
t one ol the wheels W when 
It >n motion, and a sound 
formed by a senes of taps is 
. heard On inereating the speed 
of rotation, a musical sound is 
produced, the pitch of which 
depends on (o) the tiumfwr 
(if (rtftj ntaife in a gizieti tinte, 
and (b) the speed of rolction. 

To deiermittf the ftuh of 
a iicjte, the speed of rotation of 
the wheel is gradu.ally altered while ilie catd is lightly pressed ag.iinst 
a particular wheel unul the note emitted by the wheel is in linison 
(t>»do Art 6) with the given note Now, if »n be the number of teeth 
m the wheel used, and n the number of resolutions per second, the 
frequency ^ of the note is given by, A^anuinbcr of taps made per 



(2) Seebeck’s .Siren. — Secbeck’s Siren or Puff Siren consists of 
a dtcular metal disc I) jFig. 2f7> through which a mitnbcr of equi- 
distant small holes have been drilled along concentric circles of vary- 
ing diameter. The disc is mounted on a whirling table A stream of 
air blown through a narrow tube ending in a nozzle, by means of 
frot-bclJows, is directed to pass llirough the liolcs in one of the rinps 
As the disc rotates, the stream of air through the tube is airerrately 
stopped and allowed to pass tbiough the hwes. producing a senes of 
piilfs at regular intervals To determine the pitch of a note, the rota- 
tion of the siren is adjusted unul die note produccti by the siren it 
exactly in unison with the givMi note. Now, if m he the number of 
holes In the ring used, and n the number of revolutions per see. made 
by tile whirling table, the frequency N of die gi' cri note is given by, 
A^=number of puffs made per s«c.=mxM 

— The highest frequency up to wMch a note is aiirlilile varies 
from 20.0fKI to 30,000 per second and the lowest is about 20 per 

Example. T/u kIltc of a is mo/Laae 10 ffcWirfio/ii per aeeond thw tnany hohj 
miLil il posstii in order tfiat il ney proiatt finr l»<t pot ttemd u-i'h a lumo^-fari of fiejoenty 
iS4 ? U'/tieh has Va grtatef friqarotj, dt stttn or As fori ’ 
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The number of heats per second is nnmerkally equal to the dilTcrence of 
frequencies of the two notes. Hence the note emitted by tltc siren must have 
a frequencies of (434+4) = 488 ; or (464-4) = 480. 

The fr^ucncy of the note emitted by ihedren, Jf^no. of holes in the siren Xoo. 
of revolutions per second. Jlf =a no. of holcsXlO. 

As the number of holes must be a whole number, Jf mast be multiple of 10. So 
the value 488, which is not a rault^tlc of 11^ cannot be accepted. Hence, N = 480. 


480 no. of holesxlO ; ITje mnnber of holes — 48. Evidenily 
the fork has the greater frequency. 


(3) Cagnaiid de la Tour’s Siren. — 
This is a much improved form of 
siren by whiclt the pitejr of a note 
can be fairly and accurately deter- 
niLncd. In tins siren (Fig. 28) a cur- 
rent of air is blown dirough a pijw 
into a wind-cbest A, from whicn it 
issues through a ring of equidistant 
holes cut m the droular top of 
the wind-chest, Another disc hav- 
ing holes exactly corresponding with 
the holes in tire top of the wind- 
chest, and very close to it, in such a 
way that it can rotate freely about 
a vertical axis. The two sets of 
holes are drilled so as lo slant in 
opposite directions, as shown in^i;. 
28, so that the pressure of the air 
at the time of escaping trough the 
holes causes the upper disc jo 
rotate, the number of rotations 
being counted by a speed-counter S 
geared ro the axle of the disc. 



Re- 20— Gagnaird dc la Tour's Siren. 


Every time ihc holes in the two 
rows coincide at the time of roiaUon 
of the upper disc, a }et of air escapes from each hole in die upper disc 
and, if there are m holes in each of the discs, there wiU be m puffs 
for one revolution of the disc. Of course, each puff will consist of 
VI separate jets, but, as ihw take plao: simultaneously, they are 
regarded as a single puff. Now, if n be the number of revolutions 
of die disc per second, the frequency N of the note emitted is equal 
to mxn. 


(4) Resonance of Air Cohmin.— In the relation V = 4ji/ in An. 75, 
if V and I are known, the frequency n can be determined. 

(5) Method of Beals. — The frequency can also be determined 
by the method of beats, as explained in Art. 47. 
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(6) Sonomefer. — Ey nming a vibrating string nf a sonometer to 
unison with a giten noio, ihc frequency of the noiu tan be ticier- 
ininerl by the fornuiln, gitcii below, it the cen'ion T. anti vi, the mass 
pej unit length of the vibrating string, are known— 

”= :^S/^ 

(7) Direct or Graphical method ; (Dahamers Vibtoscopc). — 
The frequency of a vibrating fork can be riefcrmireci by the graphical 
methocl A slieet of sniuketl uajici is wrappcil rountl a cylindrical 
drum which can bo rotated uniformly by means o£ a lundle attacbc'l 
to It (Fig 20) A thin metal style is attached to one prong of the 

inmng'fork which is so arranged that 
It can viLcate parallel to tlie avis 
of the drum and the style just 
touches the smoked paper As the 
drum IS rotated, the style will trace 
a w.vse line on the paper If at the 
lime of the vibraiion of the fork, 
two points can be marked on tlvo 
w.'iic line on the smoked paper at 
•in interval of h.ilF-a-seconrl, or one 
second, the frequency of the fork can 
be determined by actually count' 
ing the number of complete vibrations lietucen the points 

In order that the amplitude of the waves traced out by the style 
may not decrease owing to effects of friction, in actual practice the 
fork IS excited and its vibrations are maintained clfttTfimagnrtifallv 
The tinring time is recorded by ineaiis of an electric peiidulum ivhieli 
IS so arranged as to produce a spark at the ctpiiy of a rated interval 
Cotvesponding to successive sparks, spots are matie by the end of the 
style on the wavy line traced on the smoked paper. The number of 
vibrations made by the fork in the rated interval (and licnre tlx. 
ftequeucy of the fotk) is given by the number of complete wave- 
found between ary two conscnitnc spots. 

(8) Falling Plate Method'— In this c»pt an arrangcmotit ts m 
made that a plate may fall freely under gravity A glass plate P 
blackened prcierably by camphor-smoLe n suspended vertically liv 
means of a thread from two hooks fixed on a vertical piece of wood H, 
aa shown in Fig. 80(<i). A tuning-fork F to one prong of which a 
very light style S is fired is clamped in front of the plate in such 
a way that the style just touches the smoked plate during the fall 
The fork is set into vibration by striking it with a violin bow and then 
the plate is released by burning the thread between the hooks. As 
the plate falls iintlet gravity, the style draws a wavc-tracc [Fig. SOfbl] 
of ste.ijily increasing waveleiiglb upon the smoked glass. 



Fig 29— The Duhirwl'i 
Vibtoscopc 
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Ignoring waves at the beginning 
suitable for counting), choose two 
lengths AB and BC having the same 
number of complete tfoves. 

Let the velocity of the plate at 
the point A=u, and the time re- 
cpiircd by the plate to fall through 
die distance AB or BC^t. Calling 
AB = 1, and BC we have 

l^t=ut+lgt'. The velocity at B 
being we have l.s[u+gt)l 

••• 

’ g 

( 1 ) 

If n be the frequency of the fork 
P and m the number of complete 
ivni'es betii’ceii AB or BC, we have ni 


which are very crowded (and not 



Fig. 30— The Felling Plate Metliod. 
' = ni. 




N.B, — This method has the disadvantage that by attaching the 
style to tlic prong, the frequency of the fork is altered. Also there 
may be some friction between tnc plate and the style by which the 
free rate of fall of the plate is affected. 


Eatasnple. A matt feml/r, altatheJ . 
a smoked glass plate. The fosk is 

If 30 evaoes be eoiaSed in the hrst JO 
iS^9S0csns.ls,A.). 


me a/ flu pnngs of a tuning-fork, ^tsiet asainsi 
vUiTalmg arid the glass fdale is AloiBeil to fall. 
fc find Su fregnan of vibration of the fork. 

^ lOiS) 


We have, the dis 
10 = Jf;=;c 


fallen tbroi^ 

_?? — ' 
' j ■“ 980 “4 


As 30 ^vave» arc counted in ^ second, 


= nf+igl®, but here u = 0 , .S' = 10 J 



have frequency, n ~ 30 -r^ = 210 . 


56. Musical Scale t — Wc express the pitch of a note by the 
number of vibrations per second, but pilch can also be expressed by 
what is known as the musical method. In this method certain sounds 
constitute what wc call a tmisjcaf scale. This inusic.tj scale used for 
many centuries by most of jhc European countries is called ihe 
major diatonic scale, which affords the amplest and the most pleasing 
succession of notes in an ascending order of frequency. This scale 
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TOrsists oX right Doles, ilie lowest one, t.e. *he Xundamenul note, 
is named do, and others te, me, etc. and they ore generally de ignaied 
by the letters C, D, E, F, G, A, B, C. Tlte note from whim the 
scale starts is called the tonic or key note, 

InferraL — Tlie ratio of ihe frequencies of nvo notes expresses 
the Interval between them Thus the interval of ti'o notes having 
frequencies 2.^0 and 1S« is ?J| = {; SI2 and 256 is HI = f . •■'nd so on. 
It IS the interval wliieh is octecicu by tlie car, In diaiiging from one 
frequency to another, the changeover is nor recognised by the ear 
if the ratio between them is constant, whatever might be the actual 
frequencies concerned Certain mterv.nis have n.imes ; thus | is 
called the octate { | the liflh; J the totirth; | the major third; 
Sthe minor third. 

Any two irttervais arc added tocetber by taking the product of 
their Irequency ratio* For evampfes, major third and minor third 
f-.J X Again, ft/th and /our</i«s | jc J=J«oetiToc. 

57. Some Acoustical Temw:— When the two notes have the 
same frequency. < e. their interval Is 1. they arc said to be m unison 
TSvo notes, when sounded tr^ether, are savl to be concotd or COn* 
sonaocc when they give a pleasirv sensation to the ear Thii 
happens when the interval between mem Is a simple ratio such as, Si 
to 1. U to 2, etc Rtit, if the ratio Is complex such, as, 0 to 8, 13 to 8, 
etc they pr^uce an unpJe.tsant or harsh eifect aod they arc said to 
be in discord or dissonance. 

According to Helmlioltz the cause <i£ dissonance is the production 
of beats by the interference of the notes The beats produce a jerking 
cHcct on the car-drUm and arc discordant, just as fiicViing of hghr 
is disagreeable lo the eye 


The ple.ising effect ptodiiccd by sounding two notes, which arc 
in concord, one after another, is called tnelcdy; ond when they arc 
produced simuUaaeously, the pleasing effect is called harmony. When 
three notes of frequencies in ratios 4.6.6 ore sounded togcihcr. 
they form a concorefant combinatit*! whirfi is called a niuskal Inao 
(«-g C-E.C}. and. if a uiad is sounded with an additional note 

which is the octave of the lowest note of the triad, the combination 
IS known as a chord. I'Ticn one musical instrument alone, sucli ai a 
violin or □ flute, is played upon, the pcifonnantr is called a solo. 

Octave.— One note is an ociere (GK. oUo, eight) higher than 
her. when thrir intervals is 2:1. These notes when played 
a-.i.hcr produce the most pleasing corobinancJn in tiic musical scale- 
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The names and the relailoas between the notes of an Octave are 
given as foEows— 


Name (Western system) 

Do 

re 1 mo 1 

la 

sol I 

b 1 

te 

do 

„ (Indian ,. } 

. 1 

■« 

ga 

- 

pa t dha 


.. 

Symbol 

C 

D ! 

! B 

F 

G 

A 

B 

C' 

Actual Frequency 

256 

280 

1 

320 

341-3 

384 

425-7 

480 

! 512 

Relative Frequency 

24 

1 

27 1 

30 

H 

36 

40 

I 45 

46 

Interval between! 

C and each note J 1 


i 

i 

i : 

5 

V- 

2 

Interval behveen each \ 
note and iu predecessor [ 

1 


n 



i 



lotetvals and the'u special names 



4 : 3 Fourth 

16:15 Semitone (or limma) 

3 1 2 Fifth 


S 1 3 Major sixth 


8:5 Minor sixth 


IS : 8 Seventh 

5 : 4 Major tliini 

2 ! I Octave 


It ivill l)e noticed that tlicre are five black keys inserted between • 
all tlje consecutive notes except tie 3rd and 4th, 7tli and Sth. 
The firs: of these is named C dtarp, second D sharp, third F flat, 
fourth G flat, and fifth A pat. 

N.B. — The intervals in the Major diatonic scale are a major 
tone, minor tone or serai-tonc. As diere are three major tones (O .• C, 
G;F, and B:A), the major diatonic scale is so called. 

Example. Taking the frtqmmy of liimlim ofCtobt 256, fid tlx note which makes 
320 vilrations per sec. 

Let x be the vibration ratio or the interval faetwcoi the tivo notes, then 


256x-r = 320 
.'. I is the interval 



between the notes E and C ; hence the required note 


is E. 
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58. Tempered Scale Modem niLUic requires frequent cliancjc 
of the tniiic. For such ehanges fo be pciViblc in ilie htajar Diatonic 
Scale, n \cry laij>v miinber ol Ley» has lo be employed and this 
nill make the instiument unmaaagcablc. The problem uith the 
diatonic scale tvas, therefore, how to maintain flcMbiliiy of tlic scale 
nithouc undue eamplication henng nceccsary Tlic solution was 
llie tempered scale m which, besides die usual eight keys, fnc 
additional intctmctUatc keys have been irvtrodvieed. and the intemtcdi- 
ate leys haie been slightly altered in frequencies to make all succes- 
sne iiuenals equal Thus, to a scry laigc extent, cliangc of tonic 
fmodolntion of scale) has been made possible and, at the same time, 
the simplicity of die iiisuuiiieni has been rctiuned. 

59. Doppler Eflect^-It «ilj be noticed that the pitch of the 
nhistle of a unm appear* to nsc when the tram approaches the hearer 
and It fall.s as the engme rreedes from lum Siniilar effect is noiiteJ 
when a mater car passes at a liigli speed Such apprervi chance ir, 
the pitch of n note as pcrceited by an obsener due to the relative 
motion of the «ouT<e, the observer or the mednim i« called the 
Doppler effect after the name of die Anstnan physicist Clinstian 
Doppler (]fl0c'l-S2j 

Apparent Frequency. — Tlvc apparent change in pitch pcvtcivttl 
by an observer due to the motion of the. source, observer and the 
mediuiii calculated a» follows — 


Let 5 and O rcpicsent the positions of die source and the observer 
respectively and the distance AAf or OH' be equal to the velocity of 
sound y in still air Suppose that the sourcev the observer, and the 
medium are all mov mg in the same cLrection from left to right Ixt 
the velauty of the source (Tj) be equal to SS,, ic the dlstatiec pav««l 
over by the source in one second, and similarly the velocity of the 
observer OO, («!',; and the velocity of wind. AfA/,— 

At some instant of utne. when the observer is at O, let a w.ivc 
reach him for the flr.vi time After one secontl. that wave will be at 
U'j, loi the v\uvc tiavds a distance OW in still ait and the sut- 
meclitim moves throiiglt a distance JFII', in that second in that 
direction Ail the waves recrived by the observer in that second arc 
confined between O.IF,. since Ac position of the first wave of that 
second is at IK, while the last wave is received by the observer when 
at O,. The length occupied by Ae wavxs. 0,U’,= I'+u'- 1',. 

Now turning to tlie source end, the fir»i wave was sent out by the 
source while at S and the last wave wliile at S, in the particular 
second und« consideration. All the waves eraiited in that second are 
confined between S, and A/,, because the first nave reaches A/, in 
that seermti having tiavtlleri over SAf in still air and the alt-medium 
hjijiig moved throiigli A/A/,. Titus all the waves sent out b) 
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the source in that second arc contained svithin tiic length S M, 
= F.t-a--T/.. 

If n be the real frequency of the source, it emits ;i tvat cs in one 
second which occupy a length K+w— F,. If the apparent frequency 
as perceived bj’ the observer under the circumstances as stated above 
be JJj, then waves arc contained tvithin die length F+ai— F^. 




;/+te >-F^ 


r/+w_ V, 
““’^•F+w-F, • 


N.B. — The velocity of the source, or of the observer, or of the 
medium, trill be zero when at rest. Proper signs positive or negative, 
shall have to be assignnl to them depending on the directions in 
ivhich they move. Remember the observer moving away from the 
source is positive, the source moving towards the observer is positive 
and the ivincl moving towards the observer is positive in the above 
calculations and so opposite directions will be negative. 

E*ampl«3. (!) ti'hal it llit Criipieny ef llu smuul 0/ a ir/iul/j of/ngiicncj' 

SOO from an tniiie mieh is ^/mathisig an obierecr at reit at lt> metres per sec. 7 (I'cloee/y 
^■'sunii »= S32 mtircs per 

Hece V 0, !x» =« 0 and V, 10 metres per sec. 

.'. Apparent frequene>\ a, = »X 


382+D-O finr. v 
33T+0^0 " ^ 


B> 019 (approximately) per s: 


••<4 ft./sec. 

^ r+a,~p, 

- F+»-F, 

■ lOOOx |{S - 1040 p., .. 


'. Apparent frequency, n, 
- 1000 X 


noo+p-0 


Qaeslions 

] . IVhat arc the factors delennining the loudness of a musical note 7 

(E.-ist Punjab, 1952, ’53) 

2. DislinRuiab dearly between ‘loudness and pitch’ of musical note. On what 

physical conditions of ibc soimding body do they respectively depend ? ' 

(C. U. 1909, '12, ’14, '19, ■’21 ; Pat. 1924, ’20 ; Ail. 1924; Dae. 1929, ’51) 

3. On what do loudness, pitdi and quality of musical sound depend ? 

(C. U. 1931 ; AIL 1926 ; Dae, 1928, '31 ; Pat. 1928, '39) 

4. What is the essential fcature of a musical note whicii distinguishes it from 

‘ (Pat. 1948, ’49 ; East Punjab, 1933 ; C. U. 1931) 

5. How svould you distmgcusb between (a) musical sound and noise, and 
(6) one note from another ? 

6. Distinguish clearly between ‘musical sound’ and 'noise’. 

(Ana. U. 1950 ; Ulkal, 1952) 

7. How 'viM you ccplain the diflercncc helsveen pitch and loudness of sound 
by comp.nring the roar of a lion and the buzzing c£ a mosquito ? (All- 1927) 
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lIIiuls.—TIie liiii7irg of a mosquiio n due to the motion of lU wings which 
vibrate^teveral hi^dred tiniea & second ; to tbc frequency and consequently the 


?(□) What u the difTerence betsreen a noise and a muiical note ? }fow do 
you know that musical notes ofdiflcrait pitches traicl with the same lelocicy ? 

An undet*water micfO'^mnc ta aUached bi the prow (fore post) and smother 


i‘ lumar, jsj*^ 

8. How do you grpltun whv audjUe notca from diiTccent sources can gcnereally 
be dunntpuhed one from anotiw, e\«o when they hare the same intensity or pitch ? 
Descobe caporunents in order to demonstrate the correetoess of jour answer. 

9. Wliat IS rarant liy 'mtidtal srale* ? (All. 1946) 

JO. Trace the sounds eommg from a violin, a Hute. a harnoDium Mid a piano 

to tlieir ultimate source How do ihmc lounds iIiiTer frtini one anotlirr and why ? 

(Pah 1932) 

11. IVritBiintea on ‘Timbre’ (Pal 1947) 

12. IVhat do you uadenund by the pitch of a note ’ 

T.xplam a mtlhal of rapnimentally delermining the pitch of the note rnYillrd 
by 6 givefl tuning-fork 

(n<d. H S 1947, ’52 ; C. U. 1917. ’32 ; Pat. 192S. ’47, ’48, '49 ; AH 1919, '21, 
■24. Dei. 1942, ’47] 

13 Give a brief acniufti of the varioiis mctlxids of detemiinine the frequency 
of a fork and discuss their oertts fAU i^8 , Pat. 1936) 

14. Oeaenbe a siten. itivieNt a dnsgraio and enplain how you would use it to 
deterndne the frequency o< a given tutang-foslr 

(C U. 1921, ’28, '30, ’40, ^3 ; Pat. 1920, ’21. '37. '40 t Dae 1927 5 C U. 1919) 

]3 The disc of a given tirm has 92 hokn. A «uiung4urk makes 512 vihrailons 
per second. What must be the speed of rotaboo per minute of the siren disc so that 
the note emitted by the siren may be in unisnn witli iJiat craiilr-d by the 
tuoIng-Cstk ? (C. U. 1910 { G. U. 1949) 

[Ans. 960pcrmin.3 

Ifi. The disc of a siren is making 10 rcv-oliiticHu per sftond. How many holrt 
must It possess in order that tt may be m unison with a luning-fart of frequency 480 ? 

[4«r+a] (Uac.m2) 

17. A cog-wheel eontavning 64 cogi revolves 240 minute. What 


18- How would you determine ocpenmesitany the absolute \alur of the 
frequency of a Uming.fork ? illiBirate jour aoswer wtth n neat sketch .qP*? 
airaogemcnl desenbeef I""'!) 

19 Give a bnet account nt IfliR vasioiis mefriods eiciAoye d in witasoring the 
Irequency rf a tuning-rotW and dcsorbe one methed In detail. 

^ ^ (AIL U. 1921 ; Pat 1951 JC.U. 1955) 

20. Define musical interval, bannony, melody and chord. Show that the 
‘ d ge obt^ned by multiplying she intervals JC Surd rr anc^go 


Sly adding them. 


(Patna, 1923) 
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2 1 . Ej^iain what is meant by the pitdt* (f a note. A note of frequency 384 
it said to be a ‘fifth’ higher in piti^ than one of 256. What is the frequency of the 
note a ‘fifth’ higher than the 3M note, and ivhat is the diiTerence in pitch between 

it and tile 256 note ? 

[Atis. 576 ; 320] 

22. A siren having a ring of 200 boles is malnng 132 revolutions per minute. 

It is found to emit a note wliich is an octave lower than that of a given tuning-fork. 
Find the frequency of the latter. (C. V. 1S44 ; G. U. 1955) 

[Am. 880] 


CHAPTER VII 
VIBRATION OF STRINGS 

60. Vibration of Strings: — In sound a string is usually under- 
stood to mean a wire or a cord of any material, woicli is flexible and 
uniform in cross-section. Tbese conditions are found to be satisfac- 
torily fulfilled by thin metallic wires or catgut. Strings may vibrate 
in wo ways: trativersely and longitudinally. A string can be vibrated 
longicudmally by rubbing it along die length \vi)ii a piece of chamois 
learner covered with resm, or by a piece of tvet flannel. It can be 
vibrated transversely by pluckiug it tu a side, by bowing it with a 
violin bow, etc T^hcn a strctcLcd string is plucked to one side, it 
tends TO return to its original (saaighi) position of rest. But otvine 
to incrua that it possesses, it overshoots the mark like the motion of 
a pendulum and goes over to the other side and goes on swin^ng 
To-and-fio with gradually decreasing amplitudes and after someame 
it stops. The vibration in this case b mainly due to the tension in 
the string, which, when the string is deflected, tends to bring it 
back to its initial straight position. In stringed musical insirumoits, 
only the transverse vibrations of strings are «npIoyed. 

61. Reflection of Waves in Transverse Vibration :■—(«) Reflection 
of u'aves in a siring. — Let a wave travelling along a wire, say from 
left to right, meet a fused support and let tiie svave meet the support 
in the form of a aest. The end of the wire wUi exert a force on the 
support tending to move it in the direction of the force. Then 
according to Newton’s Third Law of Motion, the support will react 
and exert an equal and opposite force on the wire which causes a 
rebound, so that the pulse is liirowii over the other side of the string 
and starts a reversed pulse travelUng back along the string from rieht 
to left. Thus, in this case refiection takes place at the fixed ends with 
change of type; a crest is lefiecled back as a trough and a trough is 
reflected back as crest. It should be noted, however, that in the case 
of water-waves, which are transverse scaves, a crest meeting a rigid 
wall is reflected back as a crest and a trough is reflected back as a 
trough like longitudinal sound-waves (vide Art. 36), and tite important 
difference faerween the reflections of sound waves at tire close and 
open ends of a pipe should also be noted (vide Ch. I'lU). 
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{b) Rcjieciion of IJ’ater-vaie.—'When a Hater-Tsa\e traicl* 
along, ji has both potential and Uncdc cnctgv. Part of ilie onergv 
js potential, because a force must ha«c bceu applied to aiul xMirk 
clotic upon the a\aier lo raise it ahore its normal Icicl, and a pan i- 
Liuehc, becaufe the molecules are in juotbn When the iNates strike 
a rigid wall or a denser iticdtutn. the motion of the molectilcs tortatd' 
the uall is arrested, ihrir Unclic ctiergj- is rttliiccc!, vhlih is then 
coiiscried into potential energr, thus increasing the amount of poten- 
tial energy So the average elesation of tlic natcr in the crest 
mcreascfl and the natcr is piled iip against the obstruction, ivliich 
then rims dorni and anay Jroiii the uall producing a exest like the 
original tvave and eras filing in the opposite direction Thus, in the 
case oE a tiater-uasc meeting a nged wall, a c<esl ts rcfleetcii as a 
crest anrl similarly a trouf^li js rcfire/eil at a trough 

62. Slaticnary Wares in a Siring t— When a streichetl strsng it 
plucked aside, a waie will t/aiel along ict length with n dcfiniii; 
leloeity The ttansterse wave wiU be propagated to lioth ends anti 
will be reflected at tliesc points If a complete "ate eonsisiing of n 
rrcsr and a trough is sent along a string crest first, it wdl return 
us trough iirsi after rcfleciion at the ri<ced end These lelleccel waies 
will return to the centre of the suing when ihcy pass each other .ml 
go on to the ends to be once more reflected, and so on The*e incident 
and reflened wascs. crasclling to-anddro along the string in 
vppcisiie directions with eguul lelocitics combine to fiarm fm/irterjc 
stationary waves whose positions of nodes and antmodes are fvicd 
{tide Art fiO) 


63. The tclocilj of Traimcrse VTases along o Siring s— When .n 
string stretched under lenwon, is duplaced latetallv, trans'erse 
V wates arc •■tt up in it Tlic 

^ — ■ nates tra'cl .along the string 

- niih .1 telodty dependent oii 

' lUc tension .nnd the linear 

density of the string 

by Suppose the sirmgfc Etrfitii- 

D \V ^ wntlrr tension T [Fig 31) 

\ 'l" *5 diipJaccd perpcndiciilarl) to 

J 6 its length so as to ruikc ti.ans- 

7 — ^ ^T" icrsc Vibrations [ihrough pluck- 

j- 3 , ing. Iiotting or sttikingl, due to 

“ ‘ t.lntli. suppose, the summit. 

fiEb of the displaced position, b bent imo the arc of .a circle Tlie 
transtersc ssare tr.aselJing along the string from left to right "ub 
'flemiJy V m,-}y 1\“ fjKujjjsocsJ S^^ be daw- ft> the biinyi al<o tratelhng 
wilt] the same velocity.'’ For the circular inoiion of an element near 
the summit E of the hump, the necessary centripetal force is suppIieJ 
by the tension at n and fj 

Suppose ‘lE^Eb and O, the centre of the curtatiirc cEb Let ihe 
“lo flOfl; be A Join Oa and Ob. Draw tangents T at «7 and b. 
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representing the tension of the string wliich produced backwards 
meet at P on OE. Suppose ilte length aEb is S, mass per unit length 
of the string is m, and the radius of the curvature is R. 

The components of the tension T at a and b in the direction PO ' 
m. S. V- 

(cach equal to T sin S) constitute the centripetal force on the 


hump, while the components of T at rt. angles to PO cancel each other. 
Therefore, 

m S 

— — =2 T sin 0 = 2 T ^ (approximately) 

(■.■ « is wry .mall)=2r:< y. 


64. Freqncncy of Transverse Vibration of Strings. — The velocity 
of a transverse wave along a stretched string b given by, 

m 

where Tstension of the string expressed in dynes; mamass in 
grams per unit length of the string; A/=mass of load on the string. 

when the string ^es out its fundamental, i.e. the note of the 
lowest pitch, the leagui of the suing. I cm.=distance between two 
consecutive nodessA /2 {vide Fig. $2). 

.'. From Art. 8, F=nA s2n/. 

Subsdtuting the value of F in (1), we get. 

“”V|‘ "• ”-2^1 

Again, if p be the density of the material of the wire and r be its 
radius, then m=!rr^ p, and so we have from (2), 



where d is the diameter of the wire. 


65. Laws of Transtverse VibraHon of StrinijF:— From formula (2), 
we get the following laws for the uansverse vibration of strings; — 

(1) L<rv of length. — The frequency of a note emitted by a 
strin? varies inversely as the length, the tension remaining constant; 
tliat is, n <= I//, « licit T and m connant. 

(2) Ltrv of Tension. — The frequency of a note emitted by a 
string v.irics directly as the square root of the tension, tlie length 
being kept constant; that is. «« ^/T, when I and m arc constant. 

(3) Lau; of Mass.— The frequency of a note var'es inicrscly as 
the square root of the mas.s per unit length of the string, the length 
and tension remaining constant; diat b, n cc Ift/m, when I and T 
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Again, from form'ila (3), the law of reasi may be put into tno 
addiiinnal hv.s foi aumgs of round section as gi\cn beiow : . 

3(a). Lcrj} 0/ ZJiameier.— The frequency of die note produced by 
a string tanes inversely as the dninetcr of the string, length and 
density of the material of the siting and tension remaining constant; 
that is, n ec I/d, wlien I, p and T are constant. 

8{b} Laxo of Density.— The frequency of the note emitted by a 
stting varies inversely as the square root of the density of the mate- 
lial of the string, length and diameter of the string autl tension xemajc- 
ing constant, that is, necl/v^p, when I, d and T are constanL 

66. E^qveriinenfal Verificaiion of the Laws of Trannersc-Vibrti* 
liou of Strings {by 5‘ortoweter):— The laws of transverse vibration of 
strings can be veriRed by 
tnenns of an instrument, 
ca\U’d the stnometer. It con* 
^sfs of a hollow wooden box 
AA, on which one or more 
wires can tie stretched (Fig 
, Fig 32-Th« Sanemever S2). Each wire is attached 

to a peg at one end and 
passes over two wedge-shaped hard wood £, B,. called the MdgeS and 
a puUer at the other end. The string is Kept taut by weights £ attach* 
ea at tfits end A third bridge C can be pl.-ited m any position between 
fhe other two lu order to sec any clesiced leogili of the ticlng Into vtbia- 
tion 



Law 1. To verify n oc 1//— To verify the law of length, two 
Cuniog'foiks of Known frequencies n, and n, arc taken One of the 
forks IS inaJe to vil/rste, and. altering the position of the novnhle 
bridge C, the length BC of the sonometer mre (under a riven tension) 
is so adjusted that the rote emitted th.it length of the wire, when 
pfiicKod in the middle, is in iinison with the note yielded by the fork 
iviife Art. C7) Tlien the frequency ri, of the Fork is equal to the 
frequency of the wire of Icngih Repeating the experiment with the 
Other tuning-fork, another length of the wife is similarly cleceimined. 
Let be the frequency of this fork, and the corresponding length 
of the wire, it will be found by experiment that ^ s=-j- ! or, «,f, 

=^0,1, Repeating the experbneni willi other forks, it will be found 
that etc.; ic. «/-»a constant wlijch verifies the law. 

Note that the same vvirc is used and the tension U Kept the same 
while adjusting the length of the wire for unison with the different 
folks 

Law 2. To verify n ec v'T’*— Stretch another wire called the 
comparison wire, by the side of the first wire Let T, be the tension 
cm the first wire- A length of flic comparison wire is then adjusted 
vriilcli is in unison widi the note yielded by the first wire. 

Let the lengih be f,. Now utciease the tension on the Ctst wire 
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tp Tj ; 80 the frequency of the note emitted increase's. '‘Again.'ahother 
iengch /j of the comparison wire is found nhidi is in unison \sich .the 
note of the, .first wire. Let n, and'n, be the frequcnc.es of ths 
notes of the comparison wire of lengths f, and /j, .and so of the .first 
wire corresponding to tensions and 7”, respectively. We have, by 
the law of length, ^ • Again, it will be found by the^ experiJ 

mat that i So.5 = . . , 

By applying difierent tensions T,, T„ T,, 'etc. to the first tvife 
ind 'detertnihing eorrespondiog the attuned lengths /j,. etc.' for 
which 'the' respective frequencies are «,, it may be shown' 

that n/i/T is constant. This verifies the law of tension. '• 

Law 3. To verify n oc lf >/m.—To verify the law of mass', two 
wires'of different mass per unit length arc taken. The wires maybd 
6f the 'same material or of different materials. One of ibe]:h‘‘is' 
stretched by the side of the comparison ' wire- by a suitable' loadf 
Taking any length' of the wire whose mass per-unit length is^ m,, a 
kn'eth of the comparison -wire is determined,’ which -is' in' unisoft 
with the, note of the first wire. Replacing the first wire by the second 
wirc'of mass m, per unit length, and keeping the lensi'oH-xht -saitiei 
tlie above experiment is repeated, taking the length of 'the second wire 
same as that of the first. A length I, ot the comparison wire isjound 
which Is in unison with the note of the second' wire. Then a measured 
length, of each of the two wires is taken, and each of them is wrighed. 
From these weights, mass per unit length (Wj and nt,) for 'the two 
w.Irea is found. ' 

Let and n, be the frequencies of the lengths 1, and 7, -df the 

^mparison wire. We have, by the law of length,^® ^ , and, it 


is found by the experiment that -j? = 


Hence, ; or, Repeating, the exp'eri; 

ment with other wires of different .mass per. unit length, it will, be 
found that «y77i=a' constant. This proves' the law of mass. " *' 
Law 3(a). To ..verify nccl/d. — Take- two wires of different 
diameters but of the same material and proceed just as in the, above 
experiment (Law 3). Let./,- and /, be the lengths of the comparison 
wire which are found to be in , unison widi notes produced by equal 
lengths of tJie two wires having diameters d, and d, respectively. 
Now, measure d, and d, with a screw-gaugc. From Law 1, wc have 
and it'wLll be found by experiment that L//,=d./d,. . •; 

Hence, — = -A, which verifies die law, 

fij d, • • 

Law 3(b). To verify ntcl/ p^Tako two wes of • different 
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maieriala but of the same diameter, and repeat the experiment exactly 
as in the verification of Law 3(c), It will be found that 
This verifies the law. 

N3. — It should be noted that this experiment gives a method of 
determining acoustically whether two wires are made of the sane 
material or not, 

67. Notes on Tuniog t — In tuning two sinngj, or a tuning-fork 
and a string or any two notes, . the foUowing two nictlicds may 
generally be adopted : 

(i) “By Resonaace". — Tune as nearly ns possible by car. Then 
place an inverted K-shaped paper rider, or a thin wire rider, on the 
middle of the string, aad place the stem of the vibratin; tuning-fork 
on the sonometer Box. It will set the string into vibrating by’ reso- 
nance and the rider will be thrown off. if the tuning be aecuratc. If, 
however, this does not occur, adpist the length of the string by 
tnoving U;e movable bridge until the tider Is thrown off. 

(iu “By Beats". — By adjusting the length of the string by the 
movable bridge until the two notes (of the string end of the lork) are 
very nearly «f the same frequency, beau will be heard, te. the 
resultant sound will appear to give alternate maxima and minima of 
loudness. On adjusting the lengdt still further, beats will become 
slower, end will cease entirely when tuning is exact, s'e, when the 
frequencies of two notes are exaay equal 

68. Detennination of Pitch of Sonometer i— ^a) The frequency 
of a note can be determined either by keeping the length of the 
sonometer wire constant and adiuuing the tension, or by adjusting 
the length of the wire keeping the tension constant, until the stiiu'i is 
in unison with the note, the pitch of which is to be determined. The 
latter method is, however, convenient. IF the frequency of a tuning- 
fork is to be determined, ils stem is Ugbdv presreJ a^a'iist the soniv 
meter box after it b made to vibrate The resonanr lentth of the 
wire is then mcasuied and the mass of the string per unit lenjth Is 
determined Tlie stretchint; weight is noted; the tension is raleilated 
by multiplying it by the acceleration due to i^vIty. Tlie frequency 
n is then calculated by the formula, ^ — • 

N.B.— Bv knowing n, the dennty of the material of the wire can 
be determined from formula (3), Art. 04 

(b) The pitch of a tuning-fork can also be determined bv taking 
another standard fork of known frequenev and then dctetmlnint as 
above a Icn-’th of the s.vnie wire strctOTcd bv the same weight until 
Ibis fork and the wire are in unison a"ain. If n be the freavcncy of 
the standard fork, n’ the unknotvn fr^uency, and I and i' be the 
corresponding lengths of the wire, then, we have, jp ~ ^ whence rf 
can be determined. 
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69. Certain Terms : — 

Note, Tooe. — A no:e is a genera! term denoting any type o£ 
musical sound. Tlte muMcal sound is a complex sound made up of 
two or more simple component sounds of diftcrent pitches. Each of 
the simple component sounds is called a lone. A tone cannot further 
be divided into simpler components and, therefore, has a single £re- 
<^uency. In other words, a tone is a sound of single frequency, while 
a note consists of some pure tones. 

Fandameatal, Overtone, Harmonic and Octave. — When a body 
vibrates, generally there are present in the note several tones of 
frequencies which are multiples of the frequency of a jundame7ital, 
which is die tone of the lowest piKh. The other cones, except tho 
fundamental, arc called overtones. When the frequencies of the 
overtones- are exact multiples of the frequency of the fundamental, 
they are, in particular, calt^i harmonics. 

The tone tvhosc frequency is twice that of the fundamental is 
said to be an octave higher, or called the first harmonic, of the 
fundamental. All tones of frequencies between any number n and 2n 
are said to be in the same octave. 

70. The Harmonics of a Stretched String: — (i) A siring can be 
made to vibrate in dificrent modes. When it vibrates as a whole 
it is the simplest mode of its vibration. Such vibration _ is produced 
when the string is plucked at its centre. It has been pointed out in 
Art. 62 that when a string vibrate? the waves generated are reflected 
from the fixed ends, and the incident and the refiocted Waves give 
rise CO transverse stationary waves having definite nodes and anti* 
nodes. In the present case there will be produced two nodes N, N 
at the two ^ed ends, and one antinode A in the middle as shown 
in Fig. 88 (ij ; in this case the length of the string, f= X /2. 

n^^TB—y But the string may vibrate in other ways also. 


(if) If the string be plucked 
the wire from one end, and at the 



at a point one-fourth tlic length of 
same tiiric the middle point of the 
wire is lightly touched, it will vib- 
rate in two segments. In this man- 
ner of vibration there are ' three 
nodes .-uid two anlinodes as shown 
in Mg. 3.8(1!). In this case 1= \ 
'n,=Vll; or. tq==2H. 


This tone is an oclnue higher 
and is called the first harmonic of 
the fundamental tone. 

(i«) In the next mode of vibra- 

SECOND HABBONIC ■*,■>>? “'“S “ 

p- gg third of Its length and if the 

middle of the shorter segment is 
e wire will vibr.ite in fhtce s^ments, and in that case there 
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Qneslians 

1. TUe 5on<jj!iriet a stutcbei -wnb a force cf 200 gW -weight. 

(a) The force i» tnereised to 800 eaia.>w(. ; (S) the teogtK ef the stttnz 5» tiaJved. 
w Is the pitch of the note emilicd by the stniig cfTected in each case ? 

, . . (C. U. 19J2) 

[Ans. (a) n, 2«, ; (4) n,‘ =• 2 b„ > e the pitch ia doubled in each case.] 

tng of a monoehord tiibracea 100 nmes a aecond. ft* length is doubled 
‘kts 150 vibrauona a tecond, What u the relatia 


and its teiBioo altered until it i 

of the new tctisjon to the origin; 

T, i r, i : 9 s 11 

tviU be the frrrpienry of ibe 


(C. U. 1924) 


le emitted by i 


« SO ei 


[C. V. 1934) 
I. longaireiched b 


tidied by 
m/«ec.*J. 
lb, 1933) 


when stretched by n weight of25 kifoCTams. ifi m 
479eram»? ““B • 

lAni 320pcrjec.l 

4 Find the rtmueney of the qoie emiimt by a ttring 50 ei 

8 load of lOfcgms , if ) metre length of t)>c suing we^lu 2-45 guis. (g- — 

(/Inr. 200 per sec] (Uist Punjab, t 

K t . ne — .. «. — .1 . j one .. *. produres when plucked 

■ ■ lensjcin in eisi-wt. in the wire t 

' (FaL 1932) 

d. Two tuning forks A and O produce 4 beats per teeond when lourded together, 
it tesounds to 32 4 cru. of tueiched wtte and whtle 2) u in unuon with S! cma. of 
the same wire. Find the fredueneMaoTiheforks (Mysore, 1932) 

[Ans 320 , 3241 


me 

On ihei 

I'slliefr 


t" - iiVi'avjiVI '(•+»' wn;''! . • ^^-■V 


I. lang viliraies 100 tttnnt a seuiad. If the Itmgth is ibortened 
trclehiog force quadrupled what will be the frequen^^?^^^^ 


10. A stretched string 1 metre Ituw n divided by two biidgts into three parts 
so as to give notci of the entnmon efiord whole frtqu^eie* af* >8 tf>' ratio of 
4 5 6 Find the dutance between the bridges. 

[Ai!. 32 432 rms ] 


svitb a t 
[Av 
12. What 


ight ofBI lbs. 


itrctched oi 


>meter 


(Oae 1934) 

II the fundamental frequenev of transverse vibraiinn of a steel wire 
1 mm in dianicter and 1 metre Jong, hangup vertically from a rigid SitppoTt with 
a mass of 20 tilojrams attached to its lower end. Deniity o' steel «» ” 9 Jim {to. 
[Av. 85 5] . (Uhtt’i 194^ 

13. State and exolain the laws of wibrauort of a sitelr.h^ string. Why are 
Itrmgj of muticai insiriinirnts nunuated, on hollow wooden boxes ‘ ^ I9j0) 
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14. A brass wire (density 8‘4) 100 rim, loi^ and l-B mm. in diameter is stretched 
hy a weight of 20 kilogramt. Calculate the niuDba- of vibrations which it makes 
per second when soandinc its fundamental tone {g = 930 cms. per sec.’). 

[Am. 47-88 nearly] (C. U. 1930) 

15. Slate the laivs of transverse vibcadoa of a stretched string and describe 
experiments to verify them. 

(Biliar, 1955 ; C. U. 1925, ’34, ge, '41 ;A11. 1927, '29, '45 : Pat. 1940, '42, ’49) 

A sonometer is in tunc with a fort. On sborteoing the wire by 1% the tension 
TCmaining constant, 4 beats per second were hei . WhM is the frequency of the 
fork ? (Biliar, 1955) 

[Alts. 395 per sec.] 

IS. A stretched wire under tension of I kgai.-iifeight is in unison with a fork 
of frequency 320. W^iat alleratloii in tendon waitl make the wire vibrate In 
unison with a fork of frequency 256 ? 



So the tcjuion should be reduced by ^ I — 


19 

25' 


17. A sitar wire b 80 cms. long and it emits a note 
How far from the top it nay be pressed so that it may < 
per second ? 

[Ans. 6'2 cms.] 


k 

of 288 vibrations per secood. 
emit a note ofSlZ vibrations 
(Pat. 1951). 


18. How would you verify with a sonometer the law eonneeting the frequency 
of a stretched string ^th its tension ? If an additional weight of 75 lbs. rabes the 
pilch by an oecave, what was ibe original tension 1 

[Ans. 25 Ibs.-wt.] 

19. Given two tuning-forks, how would you determine the pitch of the note' 
emitted by one of them if (hat of the other is knows ? (C. U. 1919 ; Pat. 1930) 

20. How would you verify the relation between the pitch of the note emitted 

by a stretched string and its tension. (Pat. 1943) 

21. Daeribe cieperiments diewing how the note given by a stretched string 
depends on (t) the (cosioo, and (fi) its mass per unit length. (Ulka), 1952) 

22. Explain how you would Dod acoustically whether two -wires are made of 
the same material or not. 


23. Wires of brass and iron are stretefaed on a sonometer and ve ndjusled to. 
emit the same fundamental tone. The two -wires are of equal length, but the tension' 
‘ of the brass wire is 5 kgms.-weiglu and that of the icon 3 kgrias.-weight. Assuming 
that the iron wire has a diameter of O'S mm. fiod that of the. brass. (C. U. 1946) 


[ 




.,/ 3x(dengtY of iron) 

' 3x (density ofbtass) 


] 


24. Two exactly similar strinp A and B oTa sonometer are stretched by means 
of weights. Describe two distincl arrangements by which the note given by A would 
have twice tlic frequency of the note given by B- Account for your arrangement. 

(C. U. 1950) 

25. Shmv hoiv the frequency of a tuniug-foric is determined witli the help of 

a stretched string. (Pat 1937 ; All, 1945 ; C, U. 1945) 

26. What ate harmonics ? How wrall you demonstarte their formation in a 
- sonometer wire ? What important part is played by them in musical notes ? 

(U. P. B. 1950 ; cf. G. U. 1952) 



CHAPTER VIH 


VIBRATION OF AIR-COLmiNS: LONGITUDINAL 
VIBRATIONS OF RODS (DUST-TUBE EXPERLMEND 

71. Stationary Vibratioa ot Air*CoIiuiiji nithui Organ Pipes; — 
The column of .’ir enclosed in a pipe can be set, into momentary 
vibration when any sodden duiurbance is comniunicaied 
to It, or the pressure at the mouth o£ the pipe is 
suddenly altered For example, a sound ts prtxlutra by 
suddenly uithdrauing a cork irom a tii;hiIy-corl.ed cylin- 
drical bottle, because the sudden withtiTawal of the cork 
disturbs the air-prcsiurc at the moudi of ihc Icttle «shi h 
IS the cause of the sihrations of air in fhc bottle The 
thbistlme sound produced bv blu«in^ atioss dit Dpen end 
of the barrel of a key i* also another examjJe of sibra- 
tion of air*column In various musical instruments such 
as the flute, clarionet, etc. the musical sound is pro- 
duced and maintained by tibrating the atr-column en- 
closed iMthin the pipe Atrcdamn in a pi[>e, ehsed or 
Open, vibrates lonptudinaVy uhen diifurbed at the 
mouth. 

An organ pipe is the simplest form of a wind inst'u- Fn 31— 
ment. Fig S4 snows a longinidinal section of an organ 
pipe It consists of a liollow tube BD in wliiih air can 
be hlowti through a pipe A. The air itsuet through a 
narrow ^lii B, and ‘trikes against the sharp edije C, called the bp, of 
the mouthpiece This sets up vibration in the air<cliimn enrio ed in 
die pipe, when the blast is directed into the pipe, it predmes tom- 
presnon. and, when directed outwards it can, by suction, produce 
rarefaaion ar the lotvet end of the air-olumn, An organ pipe Ij 
cniled closed or open according as il is dosed at one end ot 
open 3f both ends. 

(a) Closed Organ Pipe.— As air is blown through the pipe (Hg. 
84). It strikes the edge, and a slight upward de'iatlon of the air blast 
produce* a compressed wave which traveb to the clo'ed end (which 
is a rigid wall), .tnd »o the air near the end >8 compressed to a pressure 

f rearer th.tn the atmospheric pressure This enmpre'sed air forces 
ack the air behind it In order to return to atmospheric press-tre, aid 
in SO doing it starts a cornpressed wave which returns along the pipe. 
Thus a compressed wave i! reflected from the closed end as a com- 
pressed wave, and returns to Ac mmiih. But the mouth heint oprn, 
ncl the air free to expand, the pressure of the compressed waie 
’ . Ac sheet of air outside and so Ac layers of air relieve Aem- 
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selves, from a strained state’ and as' a result there is reversal of the 
type of the tvavc and so a tvavc of rarefaaion starts inside. The tvavc 
of rarefaction again comes bade to the mouth as a rarefied wave after 
being reflected at the closed end. This is again rcflcicecj as a com- 
pressed svavc at the mouth, which is a free end. and is also intensified 
by the compressed wave dircaed imvards by the blast of the air out- 
ride. In this Vvay, of the' vibradnns of various frequencies set up by 
the impact of the air blast with the lip C of the pipe, the air-column 
inside the- pipe tabes up only those with which it can resound, and 
pulses 'pass up and down the length of the pipe, the result being jhe 
propagation of a miisical note and- the pipe is found to speak. 

The result of the reflected .pulse meeting ivith the direct one is a 
stationary longitudinal truuc -set up inside the pipe, and nodes and 
antinodes occur at definite places. The air at the open end is free 
to iridve inwards or outwards udlh the triaximum freedom and, there- 
fore, is a seal of antinode. The closed end being a ri^d vail, the 
air in contact with it has the least freedom of movement and so the 
alased end is always a node, 

(b) Open Organ Pipe, — In an open pipe, when a compressed 
wave reaches the far end, the air at tn.it point is for an instant at a 
pressure CTcatcr chan ordinary atmospheric pressure, and the mouth 
of the tuBe being open.- the air there can vibrate with the utmost 
freedom and so suddenly expands into the surrounding air. Thus the 
pressure diminishes so quickly that it falls somewhat below the 
pressure .of the surrounding air, which causes a sudden rarefaction at 
the end of the pipe. Tliis sets up a rarefled wave which passes hack 
along the pipe. This rarefied wave js reflected back as a wa\'e of com- 
pression at the other free end. Within the tube, the reflected pulses, 
meet with the direct ones blasted into the mouth from outside and 
the result is the formadon of a stationary longitudinal wave having 
nodes and antinodes at definite intervals. Both the open ends of 
the tube are scats of antinodcs, the air there being most free to move 
either inwards or outwards. For the fundament.il tone emitted by 
the tube, there is one node between those two aniinodes. 


72. Fundamentals of a Closed and of an Open Organ Pipe of 
fbe Same Length ; — 

Dosed Pipe. — In the simplest mode of vibration in the ca.se of a 
closed organ pipe, there is a node at the closed end and an antinode at 
the open end fFig, B5{b)]. In a stationary vine the distrmce between 
two consecutive nodes, or two canseculiae antinodes, is eq-'al to one- 
half the wavetenih: so in this ease the length of the tube is one- 
fourth of the .w.ivclensth, i.e. the wavelength is four limes the length 
of the tube.- This is the fundamental jonc. 
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Let K, and Aj represent frequency and vfivcTcngtU o! the {und&- 
■mental tone given by a closed organ pipe of length /, Hence Aj=4l! 
and y = n,Aj, where I' is the teloaty o£ tound. 

V V 

.. 

Open Pipe.— In the case oF the fundamental of an open pipe, ie. 
a pipe open at both ends, there U an aatinode at each end of the pipe 
with a node in the middle [Fig. d6(<r)] So the length of the pipe n 
half the wavelength. If «' and A' be the frequency and wavelength of 
fimdatnental lone foe ihc open pipe, wc have A' =21. AgatDi 


“F“2r 


=2n,. 


Hence, the pilch 0 / the fundamental of an open organ pipe is 
iaiee, t-e. one octave fug/ver than that of a chffd organ pipe of the 
tame length. 

N,B.— If an open pipe, while giving 
out a note, is sndatniy tWed, the Inicn 
of the note at once decreases enu the 
sound emitted becomes less sharp. If an 
orgea pipe is closed at one end by a 
movable sliuiier, the pitch of the note 
eraiited by the pipe U found to nse on 
slowly opening tnc shutter and to fall as 
Uic shutter is gradually closed. 

(a) Overfoaee (or Harmonics) of 
Otgex ^pes, — Ptoducuoa of harmonics 
dci^ndi m some extent on the nature of 
e-scitation of the tube. If the air ii blown 
more and more powerfully, the nature of 
the stationary waves remains the same 
no doubt but the number of nodes and 
aiitiDodes is increased, te. higher and 
higher harmonics arc also produced. 

(0 Oosed p;pe.^Ir the case of a 
closed pipe, the closed end u always a 
luxle and die open end always an anti- 
node [Ftg 35(a}) Tlie next pos'ibl 
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Fig 35 — Closed i’ipe. 


mode of vibration, after the fu^am^^, i» to have on; mtcrmediitc 
note and one andnode (Fig. S5(h)], id the length of the pipe 1 is 
tfiiee-fourih of the wavelength A, ; so in this case. A,= | 1. 

If n, be the frequency of the note, ii,=3K/41. Hence, nj = 3fij, 
where ft, is the frequency of the fuadamcntal. 

For the nex-t higher ovwtone, there will be ttro intermediate 
nodes, sad fico mtermedlnfc 


allomotely placed [Fig 85(c)]. 
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In this caseA5=|I; and the corresponding frequency, n,=5Vlil. 
Hence, n^=5n^, and so on. In the case of a dosed pipe, thercf-rc, 
only harmonics proportional to the odd natural numbers are pre.ent 
and this makes the quality of the note given out by a closed pipe 
lacking in fullness. 


Hannooics of Qosed Pipe 


No. 

Wavelength 

Frequency of ! 

tbenote 1 

Relation -witli the 
fundamental 


41 

r 1 

Fundamental 







3r 1 

R. » SR( 


3^ 

—V 


3 

4, 

W 1 



s' 

, "» = 4/ 


&c. 1 

&c. 

! &e. 1 

' &C. 


Therfore in a dosed pipe the possible frequencies of ribration 
are in the ratio 1:8:5, etc. 

(U) Open Pipe. — Wc have already seen that in the case of 
the fundamental of an open pipe, there Is an antinodc at each end 
and a node in the middle [Fig. 8fl o)]. If 
n' be the frequency of the fundamental, 
n’^Vjil. 

For the next overtone, there will be 
tm> Intermediate nodes and one inter- 
mediate antinodc between them [Fig.- 
36(5)]. In this case A"=21/2=ihc length 
of the pipe, and the frequency, 
F/I=2ti', Lc. it stands an octave higher 
tl^ the fundamental. 

In the next overtone, there will be 
three intermediate nodes and two inier- 
mediatc andnodes [Fig. 86;c)]. In this 
ease A"'— 2//3, and the frequency, n"'= 
3F/2l=:8n'; and so on. 

Friqumcj - 

n' ?n' 3n’ Hencc, in the case of an o-eti 

(a) (i) {c) jupe, both odd and even harmonics are 

Fig. 36— Open Pipe. present 
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escapes ihrough the other pipe terminating in a pin-hole jet where ihc 
gas IS burned. Any vibratinn of the air inside tlie pipe, wbuh lorrns 
the other side of the chamber C, throws the membrane M in contact 
with it into a similar state of vil»atioa and which again causes cor.es- 
ponding Vibration in the pressure of the in the chamber C, and 
thus a corresponding change tales place m the length of die name. 
If the change in pressure be periodic, the length of the flame alK> 
varies periodically. Bui the change in pressure being very rapid, the 
alterations in the length of the flame cannot be follnwed by the eye 
due to persistence c£ vision. To rendet them distinct, die light is 
received on a cubical box having plane miirurs on its four sides 
£Hg. 38, (n)l which may be lotaced rapidly 
atxjut a verucal axis in front of, the fln.ne. 
and the successive steps of the flame are teen 
by looking, at the rejleciion of the flame in 
the rotating mirror. ^VIle^ the flame [Fig. 
38. (h)) boros steadily, a continuous band of 
light wdl appear on the rocadng mirror. So 
when the manometric flame is at an anUnoie, 
where there is no vnriauon of pressure of 
the vILsaung airoaiunm (vide Art. Cl), the 
membrane will not be agitated and so the flame is quite steady, and a 
long band of light will appear on the mirror. When, howeter. the 
flame is at a node, where there is the marimum change of pressu’c, 
the fl.tme {umns up and down with a fr^iieoi^ equal to that of the 
membrane ana the rcflecdon in ihe rotaiiog mirror presents a broken* 
up-toothcd-appearonce. 

Fig .19 represents appearance of the flame in the revolving 
mirror produced by different tones. Fig. SO, (a) represents that due 
to ail organ pipe blown gently, and Fig- 89. (o) that due to the pipe 
blown hard having double the frequency. 

Compwrifort.— The maromeuic flame method is also applied in 
compertfig (he [rcijucTiey o/ t®o or^an ftpes. tVlicn a capsule is 
applied at a node in each pipe and the corrrsponding flames are 
exarjiined side by side, it will W found that ri teetn in rnc image vill 
occupy the same length as n' teeth In the other. So die Iiequer.cics 
of the two pipes ore evidently in the ratio n:rt'. 



Piff. 39 


[Pal 19:S) 

irf, be the of the pipe Ipwg not In fiiwUinm tal *rd /, ll« lerRlh of ihe, 

i[>e wTicn (Vie fifiVi of ihi. note b uniraled |n* Art. 56>, then. In the tist case, 

V 2nt, where » ■' ihe riTT|iiniry uf the fimdainCnUl pole. 

Now because a RCth cotrnpcndj to ratio of f. the frequency In the teeond eaie 
1 |i; hrricc. F=.2x-®''>!/,.=.»ir,; .*. 3'v!. - 2«f. (v F « tonslani) 

= 2,Xl (V i = l metre). /, = ? melre. 
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Thus the length of the jwpc sounding the Cfth of the fimdamcnlab is 5 metre or 
about 66'6 cms. 


{2) The top of an organ pipt is luJJenthf chatd, Ifh anils ntsi above the fmdawinlals 
in both the cases andlhe diji’ence in pilch 61 25S, uhsit teas the piieh ojthe note milled crdinaiily 
by Ihe open pipe ? {Pal. 1033) 

Let F be the velocity of sound in air and a, the frequency of vibration of the open 
pipe next above the fundamental, Uicn we Iqvc = Vjt, where I is the length of 
the pipe. When it is doted, it becoanes a closed pipe having a frequency of vibration 
nj, say. As the pir>e now emits also the frequency next above the fundamental, 
we have, nj = 3f74i ; but n, = n,— 256 (n, bang greater than Bj). 

«i-256 f"i : whence n, *= 1024. 


(3} Tifo open pipes are joimdfd logelhn, each note cansisling of the fundamental together 
with lit ‘0 upper harmonies. One fandamental noU has 2S(i nihrntiems per second anti the other 
170. Would there be enp beets produced ? If so, how maerf per second ? (C. U. 1031) 

The v/hration frequencies of the first pipe are 256. (256 x2) or 512, and (256x3) 
or 768 i Slid those of the oilier 170, 340 and 510. Of these notes two have got very 
nearly equal frequencies, mg. 512 and 510. So there will be beats, and the number 
of bents per second ~ SI2— 510 = 2. 

(4) Two ergon pipes give S beols irAm sounded together in air at a temperature of JO^C, 
Now many beats ivould be given bAoi Ihe temperature is 2d’C ? (Velocity cf eound in air at 
O’C. is J'Oee ft. per second.) {All. 1S32) 

In the ease of an open organ (npe the velocity J' of sound in it at 10‘C trill be 
given by, V = 2nl, where I is the length of the pipe and n is the frequency of the note 
given out. For another jnpe whose length is I, V m where n' is toe frequency 
V/l I V 

of the note. Nutnberof beats ■■ B— a' — j, 1 — 6 ... (1) 

Now if f" be the velocity ofsouml at 24°C, no. of beats, JV = — ... (2) 


From (I) and (2). N/6 = V'/V. But l' = (K,+2xt) ft. per 
the velocity of sound at 0*C. = 1008+20 1108 ft. per 

T" o 1088+2x24 « 1156 ft. per see., 

.V_l!36 
6 “1108 


w 6-IS. 




Number of beats >■ 6. 


(5) Two organ pipes one closed cst one end and the other open at both ends, are respecliteby 
2'S ft. and S‘2 ft. long. When smmJei together the mmiier of beats heard was found to be 
4 per second. Calculate Ihe ueloeily of sound. ■ {Pal. ISil) 

Let itx and n, be the frequendes of the closed and open pipes respectively. 

Then n, =r ; and n, 5 No. of bents = 4 = n,-n. 


c ir= 1040 ft. perse 


75. Detenniaalion of the Velod^ of Sound by the Resonance 
of an Air-column -. — A ribrating tuning-fork F is held close to 
tlic top of a glass tube which is vertically placed in n long cylinder 
almost full of water (Rg. 40). On gradually raising or lowering the 
tube a particular length of air-column in the tube will be found when 
the sound will be .strongly reinforced. Tlius it is an arrangement for 
a closed pipe of adjustable length. Adjust the position of the tube 
when the intensity of the sound becomes maximum. In that position 
Vol. 1—39 
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the frequency of vibration of rtic air-eolmnn agrees with that of ilie 
fork, and the foil, and the air*caliuiin In the tube are then said to be 
in resonance. It should be noted that the pitch of the sound hea^ is 
independent of the diameter of die tube and of its material, glass or 
metal ‘Ihe action may be explained as follows.— 

* Each movement of a prong of the fork towards the mouth of the 
lube compresses the ah in Itcait of it, aud thus sends 3 compressed 
wave down the tube The compressed wave, on 
reaching ihe surface of water, which 11 a denser 
medtum, is refiected back. a.» a compressed wcve 
(vide An. ^l) The reflected eumpiessed wav e on 
reaching the open end of the tube is relieved 
from the strained condition by moving sideways 
and It IS again reflected, but. this time, as n 
rcrr.fietl umie which statts down Uie tube (tndd 
Art 71). Now, if the prong reaches the extreme 
downward position at the same Instant and 
begins to move upwards, a wave of rarefaction 
'iili proceed dovmwardv into the tube. The 
reflected rareCed wave will thus coinciife with 
the rarefied wave started down the tube due to 
the backward motion of the fork and ao will be 
retnforced Again, the reioforceri waves will be 
redected back from the closed aid (water stir* 
face) as rarefied waves, which will reach ilio 
open end Just when the prong begins to move down So the wave 
of compres.non formed by the reflection of the rarefied wave at the 
open end is helped by die fresh compressed wave sent by the prong 
This shows that the fork and the air-column of the tube agree m 
motion (i,e. their time-periods are the same), and so resonance is 
produced. Hiiis resonance causes Ihe iafcnsitication Of sound duo (o 
the union of <L« direct and reffected waves. 

From the above it is evident tliat when resonance 
is produced, the ivave travels over tutce the length of 
the air-column in the time taken by the prong to 
make half a vibration. Therefore, in a complete 
vibration of the prong, rhe wave travels over four 
times the lengch /, of the air-ctduRia AN (FijJ- ^l) 

We have, therefore, l,=Ay4, or, k=4li. where X is the 
wavelength, and tj, the length of ihe air^olumn 
But, if V be the velocity of sound, and ti the 
fieqwenty oi vibrauou o£ the fork, we base, Fig 

V^nk; .■ F=41^n. 

Id fact, die aniLnode ’ •* '■ 

a IitUe outside the tube, 
tube. Lord Rayleigh ha 
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the effective lengdi of the vibrating air-column is /,+0'Gr, where r 
is the radius of die ciihe, and 0'6r is called the end correction. 

Hence, K=4«(lj-|-0-6r). 

Thus, from the resonant air-colmnn, the vdodty of sound can be 
determined by knowing the frequency of the fork. 

If the temperature of air in the tube is t, the velocity of sound 
at 0°C, can be found from tbe r elaiin n, 

!+-—•■ or, , where r is the tempe- 

V ^273 ®. V 273 . , '• 

ratiire on the absolute scale corresponding to t°C. 

The End-correction can be avoided in the following way — 
In the first position of resonance. /, (Fig. 41)= A/4, but 
if the tube fie sufficiently lone, then by raising the tube 
further out o£ water a second position of resonance, of 
iveakcr intensity, may be obtained wlicte the length of 
the resonant air-column I, ppig. 41)=3A/4 [vide Art. 

72(a)]. 

Since, in the first case, 4- =/,+O-0r, and 
4 * 

8A 

in the second case, ssL-t.0-6r, 

4 ^ 

we have, /. FanA =2n(/j-(i). . 

By this means the wavelength can be determined,. eliminating the 
end-cor;ection. 

• N;B. — In order to obtain the vdocity of 'SOund in dry air the 
result corrected for temperature should also be corrected for moisture 
contained in the air fay the formula of Art 25. 

Examples, (i) Tou are pnoidii ailha tend antaiimig uiaUj, a glass tube about 
40 ents. long open al both ends ond a luimg-fork ssduse Jhguesuy is 25$. What nptrimmtal 
icsuU do you expect ? (The veleci^ of umnd m efr is 332S0 ms. per second nearl)'.) 

{C. U. 1914) 

Let I be the len^ of the air-cdunro wUdi emits the fundamental note. 

Then, wavelength = it. Vclodty of sound = frequmey X ^vavelength ; 

or, 33280 = 256x41;whence.t>=32-5co». 
that is (40—32-5) or, 7-5 cms. of the glas-tubc should be dipped in water when 
resonance mil be produced. 

(2) A tuning-fork is held aiaue the mindh of eeJasedglass eylinder oduise capacity is 150 
mbie inches and height 14 inches, and rndts is potaed limdy until the most perfect resonance 
is obtained. The volume of the scoter rnSnisead teas 20 a. in. What teas the vibration 
number of the luningfo'k ? (Frioriir of sotmd in air = 1120 ft. per see.) 

Volume of'air in the tuhe for resonance = 150 — 20 = 130 cu- in. 

Area of crnsi-scction of cylinder s= *n. in- Length of air-column for 
perfect resonance, i = 130-rtir— 12-133 in. again ; iff- = srs-, where r = radius 
of cylinder j thus r = 1-85. 
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Hence, end-correetion = 0-£f >=06x1^ » l*!l so. We hsve f'=*^nH+0 6f) 
whence n u the TcqXjirctl frcqueriey. 

(lUOxUJ =4»X13Z< (V K — 1120X12 iii.>;-v.hcT.<e I. =,253 8. 

(3) A certnin Inamg.fatk ^ril prt^un/ tttenofut in s It 1 /A 4 n «ir<»/Mnn «/ 

SSotS. anJ lleoaldagauipnjuet rcMMiue leiU a enAum iOO Smi. in lAt lam mh talcvlala 
1}u /S^/j 

In the first case, if /| hr thr length nf air^olumn for Tejoninee, the efleetjve 
length of air-eolumn a, 1 ,+x, where x u the end-correction. 

i,+x = XI*, where A u the wnvelensih. In the teeond aat, if I, be tlie 
length of air-ccluma for raonance the enreuve length s, 




3;t ;i <,+* 

4 T“-V» 


-jor, 3{/|+x) — 


Since = 33, ttnd (, s (QO 5. we h»e. x - 0 73. 

(() A eloieififit u/lltd teith a fu ukott Jemtif it 0lf0l2f fm. fifr cr 1/ th IfTreih 
of <A( f>pi >r id tni'x P»i Iht fngvmy «/ iftc tan tmUtd. IJ'M xiloiily tj iei»J w tir el 
0‘C u 33? I ('res per trcvnil ) 

As the density of air u 0 001293 gif rer t c. and w the velocity of leund in any 
gas u invenriy praparuonal to (be square root of Its density, the veioaiy oraotuid 


But y^4nli whence rb ICS. 

I 76. LouxUudtnal Vibnlion of Rods:— Wli«n a tod of wood nr 
glass firmly clamped at tu middle point is rubbed lengthwisa with 
a piece of rcsined cloth, or wet Imea it is set in longitudinal vibra* 
don, that is, in planes parallel lo its axis, and it giscs out e shrill note. 
The rod Is alcernatelv etongaied and compress^ in it.t rouric of 
motement and the vibcation tales place exaedy in the tame manner 
as the stadotiary vibration of an open pipe sounding its fundamental 
The face end of the rod being the parts of maximum vibrati''n are 
aritinoilef, whilst, for the siinplcsi mode of 'ibration there will he a 
node in the middle where it is damped E'idendy the length of the 
rod is half the waiclength (distance bctwcist two consecutive nodes and 
antiuodes). _ 

TTie velociry of sound in the rod Is given by, where £ 

is the Young’s modulus of elasticity and D, the density of the material 
of the rod Again we have, whcrcA, the wavelength, is in 

this case, equal to twice the length / of the rod 



Thus, Inovving the vclodty of sound in the rad, the fr^Muency, or 
the pilch of the sound emuicd can he calnilated. Aoain. if the fitch 
of the sound is determined by compati*ora with a sorivmtiCT wire, die 
vcloaty of sound is known from the relation. I'_— 2n/, Thus this 
also provides a method of dctefittinitig the iWoCify of sound in d 
solid rocL 
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77. Kundt’s Dust-tube Rcperiment The velocities of sound 
in diftereni gases were determined by Kundt by using lougitudinal 
vibration of rods. The velocity of sound in a rare gas is usually 
determined in the laboratory by this method. 

Experiment. — The apparatus conasts of a metal or glass rod 

which is damped e « 

exactly at Us mid- in ~P ] c 

die point C and has \ W . a ■:n Hi ® 

a card-board disc D • — * ■* — ^ ■ — " 

hrmly fixed at its pig. 43 — Kundt'* Dust-tuhe Experinaent 

end within a long _ ' _ . « -x-v. 

glass tube AB in which it can move mchout toucliing its walls. The 

other end of the tube AB is closed by an adjustable stopper B 

(Fig. 43j. 

Before fixing the tube in position ii is thoroughly dried by blow- 
ing hot air tlirough it, and then some dry lycopodium powder is 
evenly spread along its sides. The tod is now stroked (rubbed Icngdv 
wise) with resined cloth, if it be metal, or with a cloth moistened 
with methylated spirit, if it is of glass, c.-tusing it to vibrate loDgitudi- 
nally. Waves are emitted by ihc disc D which is moving backwards 
and forwards with the frequent of the note emitted by tlie rod and 
thus setting up vibrations in the air within the tube. These waves 
started from the disc D arc rettected back by the surface of ihe piston 
B, and thus statioiiaiy waves having fixed nodes and aniinodcs are 
set up in the rube. The position of the adjustable piston B is care- 
fully adjusted unril a resonance is produced, when die fundamental 
note emitted by the rod coincides with a harmonic of the enclosed air- 
column within the tube. 

When resonance is reached, the fine lycopodium powder is seen to 
be thrown into a state of violent agitation when the powder will be 
seen to fly away from the loops (antlnodes), the places of tnaximum 
displaccmeiic of air-panicics, and will collect in heaps at the nodes, 
tlic places of rainimum displacement _ of air^artides. fn general, 
several nodes and loops will be formed isithin the tube as shown in the 
diagram. If I be ihe mean distance between two consecutive^ nodes, 
the ivavelcngth A of the longitudinal ribration of air is 2l, and if n be 
the frequency of the note emitted by the rod it is also the frequency 
of vibration of the air in the tube, as die rod and the tube are in 
resonant vibration, and the velocity of the sound in air, K=«A 
=j?x2/- Now for the simplest mode of vibration of the sounding 
rod, a node is formed at the middle where It is damped and itvo 
loops arc formed at the two ends. So, if I' be the length of the rod. 
tlie wavelength A' of the longitudinal vibration within ihe rod is 21 , 
and if V' be the velocity of sound in the rod, I'’=i7A'=n xSF ; so 
we have, 

V ny.21 I length between two consecutive loops or nodes 
W ~ n^2l' ~ Y ~ ^ length of the rod 
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The above relation prondes a oiethod of calculating V or V nhea 
one o£ them is known: and if fie(|ueflcy n be found 07 means o£ a 
sonometer and a standard fork, ilten velocity of sound in air, and 
oi«j i?i the rod, can both he determined. 

Velocity in different Gases. — To compare velocities o£ sound 
in two gases, first fill the lube with one of the gases and 'find out the 
average distance i, between two nodes formed at resonance. Kepeat 
expermient with the oiher gas and let the distance in this rase be 
£3; then, if Vj and are the re^ecrirc velocities in the tuo gases, 



77 (a). Determinatioa of the Ihvtiuency of a fi'ork hy Strobos- 
copic Wheel 

A stroboscopic wheel h simply a metallic disc, hating a mimber 
of a enuidistmt reciatigubr radial slots arranged along the riin, 
mounted vetticalW on a noiizonial axle t'hjth is mechanically diiten 
at a known speed. The fort: under test is placed on one side of the 
wheel, the plane ot vibration ol die prong being patallel to the plane 
of the wheel and the longer dde parallel to the longer axis or the 
sloe when the latter is veriicaL The fork is run electrically and 
a strong light is focussed on a (wong facing the slots. The wheel is 
set to motion and obterration is made horizontally from the other 
side of the wheel. 

The speed of the wheel 1 $ gradually Increased till the interval, in 
which one slot is replaced by the next, becomes roughly equal to the 
period of the fork, when the prong would appear to oscill.ate slowl)\ 
Next, when the said interval 1$ adjusted cxaci^ equal to the penod 
of the fork, by suitably altering the Jp«d of the wheel, ihe prong 
would appear to remain Stationary, ^is is what is called the 
stroboscopic principle. 

Knowing the number of slots on the wheel, and the rate of motion 
of die wheel, the period of ihe fork and thus the frequency of the 
folk can be determined. 


Questions 

1. riKcribe in detail with a .tiasram an open orgsn V'jx. and esplalti i« mode 

of excitation. What ctfecl a produted on tte pucti and character of the no'e» “ 
ihn open tod ts suddenly tl™i-d » <C- V. 1925 ; Pal. 192U) 

2. fa) Give an account of nodei and antinodrs in open and closed CTpan pi[^ 

' ' (AE.I918.-Z2SC U.l93t, ’32 ;e/.G.U. 1949) 

1 IB ({] an open organ pipe. fuT closed 
(C. U. 1947 ; If. AIL 1945) 
jsical note ? The organ pipes of 
iher closed. iVhat thould be the 
s enulied by ll 


3. tVhat Jo you understand by piieh of m 
the same length are given, one open and the 0 
relation between the ' ‘ » ■»-- v.._j ..i 


pitch of the fiindaineotal 1 


(12. U. lKIl.’26{Pal. 1921, ’3 
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4. What is the frequency of the firndamcntal note of an open organ pipe 4 ft. 

long ? (Velocity of sound in air » 1100 ft. per sec.) (C. U. 1950) 

What would be the effects of (a) covering its open end, (i) increasing-the 
temperature, (Pat, 1930 ; C. U. 1S50) 

(c) varying the nature of the gas oidosed in the tube (Pat. 1930) and 
(rf) lengthening the pipe ? (G. U. 1950) 

(Hints. 1100 = a X (2 x4) ; or, a = 137"5 ; (a) When one end is closed, the 
pitch will be halved, i.t. will be lowered an octave ; (fi) velocity will be increased 
(ste also Art. 53) with the increase cf temperature ; hCTce pitch will be increased ; 
(c) pitch increases or decreases vnth the inocase or decrease of velocity which again 
varies mverscly as the square root of density of the gas ; and (d) pitch decreases 
with increase of length.) 

5. What will he the effect on the pilch of the note of an organ pipe, if the air 

in the pipe is replaced by carbon dioxide ? “ (G. U. 1949) 

6. What is meant by resonance ? Calculate approximately the length of the 
resonance box dosed at one end on which a tuniM'lork is to be mounted, the pitch 
of which is 256, the velocity ofsoond in air being 1120 ft. per sec. Would the same 
resonance box answer for a fork another pitcii 1 If so, of what pitch ? 

(All. 1926) 

reiiati.— The resonance box acts as a closed orvatt pipe ; so V = Anl ; or,' 
1120 =■ 4x256x1 ; or 1 $|. The box will also speak for a fork whose frequency 

is 8 or S titnos the funducental frequency.] 

7. The velocity of sound in hydrraen is I296-5 metres per second. Wliat .will 

be the length of a dosed otgan pipe, filled with hydr^en, which gives a note having 
a vibration frequency of 522 per second f (C. V, 1915 j Dae. 1933) 

[Ans. 6S'3 cms. (approx.)] 

8. What Is the frequency of tbe note cmilud by a siren having 32 holes and 

making 1375 revolutions per minute ? A closed organ pipe sounding its fundamental 
is in unison with the alwe note. What is the length of the pipe 7 (Velocity of 
sound in air = 1220 ft per sec.) ' ‘ 

[Aru. 840jJft.] 

9. Calculate the shortest length of a pipe 4 cms. In diameter which will be ret 

in resonant vibration by a tuning-fork mafciiig 256 vibrations per second. (Velocity 
of sound In air « 340 metres per sec.) ’ 

[Ant. 32 cms.] 

10. Two organ pipes, open at both ends, are sounded together and four beats 

per second are heard. The length of die short pipe is 30 indies. Find the length 
oftheother. (Velocity of sound =■ 1120 ft. pet sec.) (C. 11. 1935) 

[Ans. SO-j't inches.] ' ; 

i 1 . What ate the fundamental and bannonic notes of organ pipes, open and 
closed ? (C. U. 1947, ’50). 

12. What effect is produced on the frequency and quality of a note given by 
an organ pipe if the top is suddenly closed ? If the frequencies of the first overtones 
of the two notes so obtained differ by 440, what was the original frequency ? 

(All. 1924), 

[Ans. 8B0] 

13. Tbe pitch of the fundamental note of an open pipe 200 cms. long is the 

same as that of a sonometer wire 200 cmg. long 'wliith has a mass of one gram per 
centimetre. Find the tension of the wire. (Pat. 1937) 

[Ans. 4'356xl0' dynes, tatdng V = 330 metres per sec.] 

14. Calculate the change of pitch of an open organ pipe 3 ft. long when the 

temperature changes from lO'C. to 15*C. . : 

[Ans. n, :n, = I'009]. 



5, ^28 rT?" -n ‘>P'" =»'d closed or^aa pipe 

a 140 c.p.s. What are the freqaencica ot ttieir first three overinnes ? 

tAv. 236, 384, 512 and 3W.Gia 896 cp».] 

l^S. The freqiirr<7 of a note sivea by an organ pipe u 312 at 15'C At what 
5c*”*th frequency be 320 supposing tie pipe to remain unehangnl la 


As in. I- -r, ( I + i. ^):andru -.r.( 1 + 4- 


17 If an orAn pipe gives a note of 3S6 whcis the temperature of air is 4D'C. 
vrhat wJl be iheTrequeney «f the note when ifce iei»pe«turc falls ro 2D'C. t 
[Au. 247 SJ 

18- Disunguish between foreed vibrsUen and reasenaaee aijid meoboa two 
practical applieatiucs of each. 

\Vbat should he the length of an open organ pipe which founded together with 
another similar pipe of lengili 30 inebea would produce 4 beats per second 7 
(Velocity of sound in oir » 1,120 ft. per sec) (Bihari 1936} 

[Air. 29^1 inchet, or 30f( uebe] 

19. How can the exwrrttee of nodes and annnndrs in a sounding organ pipe 
bodeinonaciaeed 7 (& U. 1937,^20) 

20 Dniribe c^petiinenis demonstrauiig (be eaisieiice of redes and aiitinodrs 
in na open c^aii pipe (G. U. I!H0) 

21. Suggest any experiment tiy which you can dnenume llir wavrimgth of 
anv note in ait. (Pat. 1926) 

Show how the phenomenon of resonanee can be used for directly determining 
tie wavelength of a gitco note uf sound in air. (R. U. 1952} 

vou demonstrate that the best resonant 1 
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25. VVhat is meant by the end-cmrection of the length of a resonant air-column ? 

(R. U. 1955) 

26. Explain bow you would dete r nune the velocity of sound in air by an 

experiment of this kind. (C. U. ’31, ’47 ; Pat. 1941, '49, '51, '53 ; Dac. 1933, 

■34, ’52 ■; And. U. 1951 ; Anna. U. 1950 ; Utkal, 1948, '49, ’53) 

27. Describe an experiment to find out the vdodty of sound in carbon dioxide. 

(Pat. 1939 ; All. 1922 ; cf. Dac. 1931) 

28. What is meant by resonance ? Show how the phenomenon of resonance 

may be used (o measure the velocity of sound in a gas. (C. U. 1945) 

29. A cylindrical tube 100 cms. long, dosed at one end, and of one cm. internal 

radius, is placed upright and filled svith the water, and a tuning-fork of frequency 
510 is sounded continuously over iu open end. Auuming the velocity of sound in 
air to be 340 metres per see., describe exaedy what you would expect to observe 
if the tube were gradually emptied. (Pat. 1936) 

[Am. The tube will speak when the length of the air-column is 16, 49'4, 62‘7 

30. A tuning-fork, tvhose frequen^ b 410, produce resonance in a glass tube 
of diameter 2 eras, tvben lotvcred vertically in water j on lowering the tube further . 
dnwn another point of resonance b found. Find the lengths of the aii-eolumn 
produdng resonance. (P ac 340 metres per sec.) 

[Am. I2 >• 61*39 cms. ; It = 20*13 cim.) 

31. When a fork of frerpieney 512 is sounded, Ibe difference in level of svnter 

in a tube between two successive positions of resonance b found to be 33 cms, What 
is velocity of sound in ait 7 ' (G. U. 1949) 

[Am. 33,792 cms./ice.) , 

32. Write a note on organ pipes. (Vb. U. 1955)'i 

33. Describe a stroboscopic wheel. How can the frequency of a tuning-fork 

bo determined with i( ? (R. U. 1953) 


CHAPTER DC 

MUSICAL INSTRUMENTS: PHYSIOLOGICAJ. 

ACOUSTICS 

78. Musical Instruments: — The musical instruments can be 
divided mainly into ihree classes — (a) Wind fjiartimenls ; (b) .‘itrwgcd 
instnimcnls ; (c) percussion instruments. 

(a) Wind Inslnunenfs. — The working of these instruments 
depends upon the vibration of an air-column. These again can be 
divided into two cla.sscs: (f) Instruments tvilhoot reeds such as the 
flute, piccolo , etc.; (ii) Instruments with reeds sudi'as' the clano^r,' 
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harmonium, etc. The most familiar example of the wind instruments 
is the organ pipe, tvliich may be of ibe above two types: (<j) one with- 
out reeds, J-uown as the flue pipfe and (fr) the other with reeds, known 
a& the-ffeed pipe. 

It is alrendy stated that only a column of air of right length may 
be made to lespo^^W a parriciUar note But in the case of a" roluirn 
of air containW“itr a pipe resonance can he produced by malting a 
-flutter in the air at nrc end of the pipe. The pipe selects from the 
''Sutter {which is ineiely a tombmauon of pulses of yarioits wave- 
lengths] that particular pulse with which it can resound in order to 
produce a musical note This is the prinstpl^ afvaricu.i tuBficvil 
insiniryienis in nearly all of which the sounding part is a column of air. 

The Flue Pipe. — The simplest form of this type is an ordinary 
organ p\pe the pnncipU of which has been desctibtn in An. 71. The 
□etc emitted by this pipe depends primarily upon the length of the 
pipe. Ihe Fundamental note is gi«en out at' a certain mmiinum blow- 
ing pressure by increasing which higher harmonics are given oui. 

In the OrgiUi, there is a sec of pipes of fixed pitch and the instru- 
ment is prorided wItU a keyboatil as in barmoaiums. 


_ The Reed Pipe.— In this instrument the oir blast jnipi^et on a 
flexible metal strip (Fig. 4 41 called the reed, which controls tfic amount 
— — of an passing to the pipe by wholly or nearly 

covering thb ^enuce through winch the air 
passes The reeS'whJch completely closes the 
aperture of the pipe is called a bating reed, 
which behaves as a slopped end of the pipe,* 
and the other by which me aperture u nearly 
but not fully dosed, is called a }rep tt^a. 
Free reeds ate used in harmoniums and 
American organs, where the wind is forced 
into a rectan^lar air-chamber at one side of 
which the rerf is attached. The air presses 
against the reed and cause? it to vibrate. A 
smgle beating reed made of cane is used at 
»ne mouthpiece of a c^riotiet. 

(b) Stringed Instruments. — In this class 
the note is produced by the vibration of 
ctrings iept under tension, such as the harp. 
piasff^ rioiiff. ere. 

PercnssionJnsfmments^T^Se are tun^ to a fixed pitch. 



Fig 44 — Reed pipe 


chVv the iariaounn& etc in which the vibration of 

is produced by str'iWng with a hatnmcT a stretched membrane or 
a nicKl plate. 
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79. The Phonograph : — Long before the invention of tlie 
phonograph, Thomas Young, an Englhsh sdcniist, succeeded in record- 
ing sound vibrations on a rotating drum. 

It was Thomas Alva Edison, an Amai- 
can, who in 1807 invented the phono- 
graph by which it was possible jo record 
as well as repioducc sound vibrations. 

The phonograph consists of a funnel 
F, which is dosed at the lower end by a 
thin glass or mica diaphragm D (Rg. 

45). sound vibrations are directed 

into the funnel, they set the diaphragm 
into vibration, and with ij, a pointed 
steel or a chisel-sliapcd sapphire crystal 
S, attached at the centre, uso vibrates. 

"^e chisel is in conracj with a cylinder 
C of paraffin wax, and, at tire time of 
vibrations, cuts a groove of varying 
depth on the cylinder which is rotated. Fig. 45— The Phonogtaph. 

and at the same time moved lengthwise 

by clock-tvork. The depth of the groove is not uniform but corres- 
ponds to the saengih and complexity of the vibiaiions communicated 
to D. The cylinder h thus a faithful record of the sound vibrations 
directed at F. 

To reproduce the sound, a smooth sapphire point, attached to a 
similar diaphragm fitted in a inm%, called the sound-box, is placed at 
the beginning of the groove of .the cylinder which is rotated and 
shifted sidewap at the same sp^ as before. The sapphire point 
rises and falls in accordance with the height and depth of the groove, 
and thus the diaphragm of the sound-box reproduces exacuy the 
moveincnts of the diapmag^ D of die recorder. These movements 
communicated to the air pr^utt the same sound whidi was originally 
directed into the funnel F. 

The materials with which the phonograph records arc prepared 
being very soft, the reewds do not last long and so the reproduction 
is not very faithful. 

80. The Gramophone: — It is a machine for the recording and 
reproduction of sounds, v ocal o r iossumental, such as, music, speech, 
etc. It is a more improved apparatus than the phonograph. The sound 
records arc made in the form of flat discs in which spiral grooves 
representing sound-tracks run 6om the rim to the centre. 'The 
grooves arc of varying width and not of varying depth, as a result of 
which the resistance to the movement of the nctdle along the furroy is 
much less than in the phonograph and so the reproduction ot'sound 
is much more faithful. Moreover, the discs are made of a matrix 
(composed of shellac, tripoli powder and other ingredients) which is 
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niMch harder, than the wax tistd in tine phonograph and so they do 
not deteriorate wtth use so easily, 

Recording of Sound.— Tfie modern method of recording is 
electrical. The source of sound is placed in front of a niiciophone 
whose meclinnisrn ihe current passing through it is fluctuated 
■fliis flntiuated cuiient is amjdiEed lo the reciuued extent by Gie use' 
of therinionic \ahes The atnpliiied fluctuating current is used to 
actuate a cutting chisel upc& a disc of wax by the principle of ekttrr>- 
triagnetic action. This record of wax is called the negative. An 
cJcctro-pJate o£ it is made on a cooper disc by electrolysis, 'nils 
electro-plate is called the ‘mother shell' or die 'parent record’, or the ‘ 
positive, Tuo 'norking matrices' of two different musics are made 
from two such mother shells end axe fixed to the top and bottom plates 
of a hydraulic press wnh thrir recorded surfaces f.iciig eich other 
The recording material (the dt'c), previously warmed a little, is placed 
in between the two I'orking iiiatrices am) (lie two records are stamped 
on the two faces of the recording material by pressure. 

Reproducllon of Sound.— Tliis Is done through the mechanism 
of a sound-hoK which has a needle, with a pointed end, rigidly screwed 
to the shorter arm of ieier system (Fig 40) The medio slides on the 
spiral grooves of the record, the record being made to rotate at a 
uniform speed with the help of an adjustvlile gtiienvJ^, by the acrion of 
the cncTgy of wound vpiing The end of the longt* arm of the lever 
is fixed to the centre «l a circular mica diaphragm. The diaphiogm U 
mounted between rubber rings caQfd garteis, and form the front ol 
a cylindrical meml box called titc 
3oUitd’ba\ The vihration of the 
needle running oi. the furrows scis 
the diapliragin 'o inutioti. repro- 
ducing the recorded sound The 
sound-bo\ is connected to a metal- 
lic conical pipe culled ihc tone-arm, 
which IS cnpahle of moving freely 
about a servical axis The tone- 
arm with the sound-box gtaduallv 
moves to the centre of die record 
as the needle slides on it- Tlie 
sound from ihe tone-arm is finally 
magnified through a horn which is 
usimlly housed within the cabinet. 
The lever syjte-ni is balanced on a 
ImUe-cdge forming the fiilcrurn. 
The vibration of ibc Icvct is cow- 
tro’led bv two springs as shown 
in the figure. 

In die Radio Cramoplioiie, the mccli-niica] sound-box is replaced 



U-Nttilt 
Fig 4<>— The SounS-bov 
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by an electric ‘pick-up’ by the mechanism of which a periodically 
modulated feeble current is obtained as the needle slides on the 
grooves of the record, lliis feebblc ntoduiated current, after suitable 
amplification through a combinadon of thermionic valves, is led 
through a loud speaker by which a voluminous sound commanding a 
large assembly of audience is reproduced. 


Physiological Acoustics 



wo places, the fenestra ovalis O and the fenestra rotunda R where 
membranes are stretched. A combinadon of three liede bones or 
ossicles, the first of which is the malleus m or the hammer bone, 
extends from the inside of the tympanum. This bone communicates 
with the internal ear through two other bones, the anvil { (or incus) 
and, die stirrup s (or stapes), the base of which is joined to the 
fenestra ovalis, which separates the middle ear from one part of the 
inner ear. The middle car is connected to the throat by an eusta* 
chian tube Eu. This tube is usually closed, but the action of 
swallowing opens a valve in this tube and .serves to keep the air- 
pressure inside the middle car equal to that of the atmosphere. Ear- 
ache is often caused when the valve does not work and due to which 
the outside pressure becomes greater than that inside so that the 
hones arc pressed hard causing painful results. 

(c) Lahyrinfh. — It is a complicated structure having a set of 
cavities. The cavities have bony walls, called the osseous lahytinlli, 
and internal membranes, known as the membtanoos labyrinth. 
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The osseous Jabyrinth cnnsists of the hallowing — (1) VfsttMc ‘o’ in 
the outer wall 'on wluch lies tlte fenefSra ovaht 'Through the inner 
wall of the vestibule the divisions of the auditory netse A enter into 
the internal car. (2) Cochlea (tC) at the entrance to -which lies the 
fmestra rotunda It is n spiitd canal like the form of a sn.iil shell 
It contains a fluid which receives and transmits vibrations to the 
auditory nerve. In this canal there is a membraneous paitition, called 
the basilar membrane which plays an important part in the act of 
hearing. The semi*dicular canals Sc serve to maintain equilibrium 
and do not take part in the hearing. ‘ 

The ntembraneaut labyrtnth contains a fluid, cndolymph, and 
between it and the nueour lalryrtnih is another fluid f'enlyntph. 

82. Hotv we hear s — The waves produced in the air by the 
vibrations of the sounding body arc eollceted by the pinna .smi these 
waves passing duougli the meapts_^ strike "tlic tympanic 

membrane which is forced to~c3tccmc corfesponding vibrationT 
These vibrations are traiismitiecl through Uie three little bones in 
succession, the malleus, the incus, and the stapes, jo the membrane 
of the ^enesirn ofnlij of the irmei ear. The viMations of the feiiestta 
ovaiis stun waves which reach the cochlea where die vibrations ate 
handed on by the fluid to the basilar 'membrane. The vibrations, so 
generated, actuate the auditory nerve and the br.viit, and giie rise 
to the sensatida of sound. 


83. The llumao Voket— 'ilie vocal organ can be compared 
to a double reed organ ^pe. The voice is produced by forcing air 
from the lungs through the space between two stretched membranes 
V, V called the vucal chords, which are stretched acroas the top of 
a wind pipe, called the trachea, with a narrow slir, called the vocal 
slil, between ihein, the two edges of the slit acting as reeds (Fig. 48). 

"nic two membranes are attached to mus- 
cles by which thdr tension ond vibradon 
frequency can be altered. The trachea, or 
the wind pipe of the throat, leads to the 
lungs at one end, and at the front part 
of the thrc^l-iljorms the vibrating pait, 
called the laj 3 n 5 )or the voice-box. 

The edges-nfthe membranes are set 
into vibrations like reeds by the air from 
the hjngs and thus sound is produced, the 
pitch of which can be altered by altering 
the tension of the vocal chords, and the 
quality of wliich depend* upon jlie air-oaviues of the nose, throat, and 
mouth, which act as icsonaton, the shape and tlie sUe of which the 



Fig IS — Vocal Organ. 


Speaker can vary at will. 

The vocal chords are much longer in men then ihiwe in women 
and children, and so the wavdength ot sound emitted by a man is 
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mucli longer tlian diat emitted by a voman or child. Thus a female 
voice is of higher pitch than that of a male voice. 


Questioas 

1. Describe a phonograph and explain its action. 

(And.U. 1951 ; Dac. 1912 ; C. U. 1932, ’47) 

2. Describe the gramopboner What is the function of the hom ? 

(AU. 1923, ’32) 

3. Summarise your hnoifledgc about a gr^mopbooc soued-box. 

(U. P. B..1938) 

4. Describe a gramophone. How is sound recorded and reproduced ? 

(East Punjab, 1942 ; Nag. U. 1950 J U. V. B. 1949 ; Pat, 1948, 1949, '52 ; 

ef. Benares, 1953) 

5. Give a btirf account of the difTercnt pacts of a gramophone and dtseribe 

the various stages ia the propagation of the sound from the origin to the ears of tlie 
‘■'"er., ^ (Pat. 1931 j^f-C.U. 1940; G.U., 1950) 

6. n brief description of the human ear with a neat discrora and mention 

the functions of the different parts. (G. U. 1933, ’38) 



APPENDIX (A) 

AERONAUTICS 

CHAPTER I 
THE ATMOSPHERE 

1. Aerodynamics and Aeronautics : — Aerodynamics is a general 
name for that part of Physics which deals with ie ptoueiiics of any 
paseous medium m motion. Aeronauttca is a specialised branch of it 
nhich, in particular, deab ivkh ihc behaviour of atmospheric air when 
au aircrafl viactrs through it 

2. Facts about Atmosphere: — Before proceeding further to 
, the principles on which the llighc of Birtiali depends, the 

follosvlng tacts about iLe atmosphere should be well rememtered.— 

(A) Extent of the Atmosphere and the Verialions of Pressure 
and Temperatore wiih AItilu(te.-~*TI)e conipusiuon of the atnio«pliuie 
has been dealt with iu Pan I, ami it mil be noted from there that 
niuogen, oxygen, argnn, .and small ir.accsi©f some other kases are the 
constituents of air and the percentage of composition slightly varies 
from one place to another As the atmosphere extends upwards, the 
density of the air diminishes. Opmioos, however, vary as to how 
high the atmosphere reaches Some estimate the height to be as 
great as 200 miles even {vtde Art. 304. Part 1) In Art 303, Part I. 
it has been described how the temperature of the atmosphere falls as 
the height increases Roughly speaking, in the lower belt of the 
atmosphere which is known as the trof>osf>here, the temperature 
steadily falls at the rate of about I’F. for every 300 ft. increase in 
height, and in the upper belt which is known as the Jtralesp/ierc, the 
temperature is more or less steady near about— 30“r. and docs not 
alter with the increase of hei^r 

The average pressure of the atmosphere at sei-level is about 14 7 
lbs.-vvt. per sq, inch, which changes from place to place and from day 
to day with changes of weather and temperature. The pressure 
’ .-cSes with increase of altitude. It has been csum.tted that about 
e-h.ilf of the total weight of the atmosphere is conicnirated in the 
first 18,000 ft In Art. 303, Part I. greater details about the variaron 
of pressure with altitude is given It should be remembered, howe'er, 
that the pressure exerted by air in motion may be gteater or less 
ilw? the {!ve‘S!ive eMt^ted hy according to the 

luiure of its motion, and from these pressures the forces of lift and 
drag (discussed later) on an aircraft arc obtained. 

(B) Air Kesistanco. — Hue to the fart that air has weight and 
that it is always subject to convection currents, air olltrs resistance to 
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any body which moves through it, and this resistance, for a body of 
given shape, and given relauvc motion, depends upon the properties 
of (j) viscosity, («t) elasddty, and (fw) inertia, of the air. 

(i) Viscosity. — It is an inherent property of aJI fluids and has 
been dealt with in Arts. 223 to 229, Part I. Due to its existence, 
when any relative motion occurs benveen parts of a fluid, internal 
forces of frictional charaaer arc set up within the fluid which tend 
to retard the relative motion. Hiis phenomenon clearly shows that 
the molecules of a fluid are mutually interiocked, the strengths of the 
bonds of interlocking vary, however, from one fluid to another 
depending on the viscosity. So when a body moves through air 
(which is a kind of fluid) and the layers of air in contact with it are 
moved, they also cause layers next to them to move to some extent. 
The types of movements that are caused in tlte neighbouring layers 
depend on the shape of the moving body and the magnituefe of its 
moDon relative to the air. When this relative motion is liieh, eddies 
or voriiees are formed in the air around the body. It will be seen 
later that these eddies cause many phenomena connected with 'flight, 
(«} Elasticity. — The icnclency of the air-partidcs to rc-occupy 
former space from which they arc disturbed is due to thaj property of 
air whicn U known as its volume elasticily (vide Art. 217, !Part 
With increase of altitude when tire pressure falls, the tendency of au* 
to expand and thus to reduce in density arises out of this property. 

(««) Inenia. — It is a property common to nil matter {arising out 
of mass or density) due to which air tends to be at rcst„or ip steady 
motion, and resists any attempt to change such rest or motion. , 

' (C) Denrify. — The density of the air depends bn the atmos"- 
pheric pressure. It is greatest at .the scadevel and decreases with 
altitude. At sea-level the density of air is 'about 0'08 lb. per cii. ft,, 
and at 20,000 'ft, it is only 0042 lb. per cul ft., which is about onc- 
half of the first'value. It is the density of air which makes all flight 

S ossible, as an aircraft is • supported in tf»c air by forces entirely 
ependent on jhe density'; die less' flie density' the less the we'ght 
lifted and more difficult docs fli^t become, and' in vacuum any flight 
ife impossible. , ' '■ 

An idea about bow tlic density of air decreases with increare of 
altitude will be obtained from' jhc "following table: — ' 


Altitude 


Altitude . 

Dertity 
• (Ib./cu. ft.) 

Sm-IevcI I 

0-0800 

15,000 ft. 

0-0503 

i.nooci. 1 

0-0770 

20,000 „ 1 

0-0-126 

5,000 „ ! 

0-0609 

■ 30,ono „ ' 

0-0298 

10,000 „ 1 

0-0590 

40.000 „ I 

0-0197 • ■ 


VoJ, 1—40 
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(D)_ Hoinidity.— At die lower (crcb of the atmosphere water 
vapour IS a^ays presenL The amouut of it varies with the ScasoQ 
and dirauushcs wuh the increase of aldtudc. Under indentical con- 
diQons of lemperature and pressure, the density of water vapour is 
j. ^ of that of air and so the pressure of water vapour 

diminishes the pressure and density of the atmospheric air. 


CHAPTER If 


AIR RESISTANCE 


3. Streamlines Wfieucver a body is moved through air 
(or any other fluid), or the fluid flows past a body, there is nlwan 
produced a deCitite resistance to its motion. TTtis resistAnre is usually 
termed dns in aeronautical wotk. The eifccT of this resistance in the 
viscous fluid is to set up displaccmenu in the shape of eddies in the 
fluid. 

In such cases two modes of flow are possible: (s) turbulent ilow, 
and (b) streamhne flow. In Art. 226, Part I, jhe natures, of both 
these types of flow have been described and it has been pointed out 
that the streamline (or laminar) flow degeoetates into turbulent flow 
when a certain relative velociiy, known as criViVel velocity, is 
exceeded. So when a body moves with an excessive velocity through 
a viscous . medium, turbulem mouon causing eddies ^ and vortices 
results and the resistance to motion of the body increases, tiie 
magnitude of which depends also largely on the shape of the body 
but if a body is so shaped as to produce the least possible eddy 
motion and so the resistance to motion is also much reduced thereby, 
then It is said to have a streamline shape, and the lines round the 
body interposed in the fliad showing the directions and shapes of tlic 
disturbances are called streamliaci^ Tliesc streamlines enables us to 
understand the nature of the flovr of the fluid past the body. 

As it Is difficult to invesiigaie the disturb.snees on an aircraft, 
while in actual flight, most of the aeronaujical experiments for 
studying the phenomena of lligitt are carried out bv^sdentists_ in the 
laboratory by using some form of TVind TntincI,* m which air 
Is mode to flow past a model of aeroplane which remains at rest 


' A icinif IVTiriel w nothinf but a smiabla ehimbar ia which, a ir 
•roDlane 19 kept and an srtifieial hieh ipwd slrJiarTent is prodoecd a 
la action of an air-scre- f.vfe Art 19V Tha taraoemtufe of this blast 
llaneously kajA vary low bj isaatia af a rafrifersUnS pl^t. 
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leladTe to the lurmeL The effect is the same as if the body nere 
made to move through still air, because it is the relative motion of 
air to the aircraft, or the amrtffc K> air, which really raaners in tho 
investigation. 

Air Speed and Groimd Speed. — True air speed of an airaaft 
b the ^e^ relative to air, that is, the speed with which it would 
travel in the absence of wind ; whSe ff'ound speed means its speed 
relative to the earth, or the actual speed over the ground. For 
instance, if the norma] speed (ait speed) of an aircraft flying from A 
cowards B be 103 m.p.h., while wind b blowing at 40 m.p.h. from B 
towards A, the airaaft will leadi B with an actual speed (ground 
speed) of 60 m.pii. 

It is possible to study and pfaotc^aph steamlincs and eddy 
motions by incrodudne smoke into the air-flow in wind tunneb, or 
coloured jets into the Water Tank Experiment described below. 


Water Tank Expetitnent.— Tb 
streamline flow of liquids consists of 
divided into two comparanenis C, 
and C, [Fig. 1(b)] by two glass 
plat« P, and Pj separated by a 
dbtance of about 1 mm. Tnese 
plates have equldbtaot perfora- 
tions inside the reservoir (as C,), 
the perforations in P, being alter- 
nate to those in P.. One of (he 
compartments C, b'fillcd up with 
clear water and the other Cg with 
a coloured water, say water colour- 
ed with potassium pcrmangaoaie 
Now, the liquid flowing down be- 
tween the plates from both the 
compartments collects at die bot- 
tom and finally flows ouj tbrou^ 
a rubber rube provided with a 
pinch-cock. On opening the jrinch- 
cock dear water from C, and 
coloured water from C, will flow 


e apparatus for demonstrating 
a rectangular reservoir at the top 



{«) _ (i) 

Fig. 1. — Water Tank Eiperimebt. 


down between the plates through alternate perforations. The violet- 
coloured tracks will show the parallel streamlines along which the 
water flows, and they finally curve inwards towards the end. Due to 
the colouring material the streamlines are made visible to an observ'er. 
The actual apparatus b shown in Kg. 1(a), where a thin body made 
of gutta-percha has been introduced in tie stream between the plates 
to show the distortion of streamlines due to its shape. Similarly, 
small bodies of different shapes can be introduced to show how the 
streamlines are distorted in each case. 
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4. Eflecf of Shape One great object of the designer of 
aeioplanes is to reduce the eddy resistance to an absolute ruiamiuni, 
and much experimental uork htw been earned out with this in view. 
Results show that the shape of a body has a striking effect on the' 
amount of drag produced, and that enormous advantage is gained by 
adopting a 'streamline’ shape the example of which in nature is the 
otitlme of a 6sh. Wlien air flows past a perfectly streamlined body, 
no eddies are created in its neigh^urhood. 


Fig 2 shows some of the streamlines flowing past a few bodies o[ 
(liffctenc sliapes. Ij wUf be notked in 
Fig. 2(a) that, in the case of a flat plate 
the airflow breaks up alter passing the 
edge of die plate into a series of eddies 
and vortices, the sbe and nature of which 
will also be influenced by both die telv 
city of the airflow and the linear dimen- 
sion of the plate. It will also depend on 
the inclination of the phte'to the dircc* 


dou of air flow. Fig 2(h) shout that 
otvjBg to Its position bach side* are 
affected hy the air-niirent. Stre.tmline* 
at tlie boiiom ate deflected dounnards 
and eddies are formed at the louer ed^e. 
whilst on the lop there nte siratlail 
eddies and also regions of luviet pressure 
due to the distoitlon of the straight line 
motion of the oir-ciirrent When, hnwcvcf, 
the ubsuck- has got a suitably ciiried 
shape as sn Fig 2(c}, the air or fluid 
passes mcr and behind the body in 
unbroken smooth lines termed stream* 
lines, and the obstacle Riving r'se to a 
definite streamline pattern is usually called 
a slreamltae body. 



On comparing flow past a. rough 
obstacle with that past a strcatnEnc body, wc notice that in die 
former case large portions of the fluid around as if they were 
detached portions of the fluid. These isolated portions of tin- fluid 
are called eddber. A ball thrown in air and moving with spin will 
require more energy than wlicn h is mcning without spin. An ctldy 
differs from a fluid moving in a srrcamllne manner in the same w.ny 
as a ball moving with or without spin in air. For an aeroplane bavins 
a rough shape, ihe energy of the spining fluid of the eddies must 
ultimately be derived from the engine, and so, sudi ixjdtes _will 
tend to slow down the motion and produce inelticient flight. 
Slreamline shapes'^ “r, therefore ■mcceisary for the efficiency of the 
aircraft. 
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height wiU be obsOTcd in the nanowesc part of the tube, where the 
#peed of the air is also greatest. But the liquid lerel rises ia tlie 
manometers due to reductioa of pressure, we have ^is somesvhat 
ancapeeted fact that the fressurf of tho air falls vhen ifs speed 
increases. 

Ai the change of potenual ene^y i» negligible, the increa'e of 
speed (and hcocc of kinetic energy) is obtained by losing some of its 
pressure energy. Hence it iOusuates the BemouiIIi’s theorem seated 
alwc. This vcnturi.«ffect, as it is called, is employed in many 
scienullc devices in order to produce a reduced pressure. 


Principks of Flisht Let us proceed now to condder the 
^uettinn of wn? It is that an aer^taae is capable of flying throueh. 
air. Ia order that an heavier-than^iir machine can fly, there must M 
tome means of Forcing the air downwards so .ns to provide the equal 
and opposite reaedon which will lift the neicht of the machine, and 
in the conventional aeroplane this is provided for by wingii which 
are inclined at a small angle to the direction of motion. Tlie neces> 
sory force driving the machine forward ts obtained by the thrust of 
an airscrew. The wings (or aerofoils) are always slightly curved, but 
ler us consider the case of a flat plate first, as in the ori^al attempts 
of flight flat surfaces were used. 

10. Flat Plale indined to Air Current; — For simplicity we 
suppose that a flat plate AB is at rest and that the air^curient flows 
past the plate AH which is indined at an angle • to the direction of 
the airflow 4). In Fig. Sffi), it has been found that in this posi- 
tion both sides of the plate arc affected by tlie air-Currcnt, due to 
which pressure of air on the top surface is decreased while that under- 
neath the plate is increased. Each of these pressure-changes produces 
foiccs R, and R, acting upwards on the nlate 
giving rise to a resultant force R, which i» 
practically nontial to the surface when the 
angle o ta small. The force R, arising from 
the decrease of pressure pulls the plate up, 
and the force R, arising from the increase of 
pressure pu^es the plare up (vtde Venturt- 
Tube oqjt). The force R, called ihc tola! 
teeclioit, can be resolved into two romp<> 
15 jf. ii nents at right angles— one hoflzontah D, and 

other vmiCT, L, acting upwards. The com - 
pontnt, L called the lift, balances ibe wright of the plate, and the 
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component D, called the Aag, resists the motion through the air. 
Obviously, the L component whidi supplies the lifting force to the 
plane is of profound importance. For equilibrium the L component 
must equalise the weight W of the plate. If is greater than L, 
the plate will fall, and if less, it will rise. 

Actually in practice the flat surface b inefficient as a means of 
lifting because of the total reristance offered, and therefore the total 
engine power which has to be mnployed, b very high in comparison 
with die lift obtained, from it 

11. Aeroplane and Kile : — The fli^t of an aeroplane is much 
like that of a kite floaring in ^ur (wrie Art. 58, Part I). In the case of 
the aeroplane the rush of air past the wings b due to the modon of 
the aeroplane itself dirougb the air rafber than to a wind, as is the 
case with the kite. The lenrion o( the kite siring here corresponds to 
the forward thrust of the propeller. The L component balances the 
weight of the machine, wlme, for equilibrium, the D component must 
be counterbalanced by an equal force which U obtained by the action 
of the sctew-propellet. On increasing the propeller speed, the forward 
thrust and R increase. Consequently, the L component becomes 
greater than the weight and so the aeroplane rises. It shouId_be' 
noted that the alr-prcssure depends only on the rate and direction 
wiA which Ae air and the body meet, and the result is the same 
whether the body moves » meet the air, or the body remains still 
and the air flows against it. Obviously, the greater the velocity with 
which the aeroplane and air meej the greater will be the air-pressure. 

12. Cambered Surface;— The advantage of using a suitably 
curved (or cambered as it is termed) surface, inscad of a flat one, was 
soon discovered by which a mudi grcaiei lift, especially when com-, 
pared with the drag, could be produced. In this, the eddy distur-' 
nances due to ilie distortion of the streamlines can be minimised, 
and so the efRdenew of the system can be increased. Thus the 
modern aerofoil has both the top and bottom surfaces cambered. Tlie 
top camber b greater than that of the bottom surface as due to this 
the lift component has an appreciably higher value over a wider, 
range of the angle of inddence. The additional advantage of the 
curved stirface is that it automatically provides a certain amount of, 
thickness which is necessary few structural strength. The thickness 
is expressed as a percentage of the chord and for general use the best 
top surface camber is about 11 per cent of the chord, while for high 
speed it should be only 7 or 8 per crent 

AIRFLOW AND PRESSURE OVER AEROFOIL 

13. Some Definitions A transverse section of a wing (or 
aerofoil, as it is called) of an aircraft is shown in Fig. 5, tvhere along 
the front of the aerofoil at A is the leading edge, and at the rear 
at B is the trailing edge. 
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, the centres of curramre of ihe leading and 

frailiiig edges .is called ihc rhorf. ^ i 

Camber is ihe curvature 
'of ihe aerofoil of both the top 
and bottom surfaces. The 
greatest height of the lop or 
the bottom surfacci nhen 
divided by the chord length, 
is- called the camter of the 
respective surface. Camber 
decides tliickness of ' the 
aexofolL 

Angle of Attoek is the 
angle between the chord line 
. and the relative airflow, which 

Is ihe direction o£ the airflow wjJi refereocc to the aerofoil. 

[N.B.— Tlie angle of attack is often leferretl to as the angle of 
tncldeoce, hut it is better not to me this term in order to avoid 
confusion uitK the Rigger’s angle of inodcncc, v.hifh is the aneic 
between the chord Lne and some R'ced boruont?] data lines in the 
aeroplane For a given aeroplane tills angle is fixed whereas the 
angle of attack may alter during flight ) 

The total length of the aerofoil perpendicular to the section U 
called the span; and the ratio of the span to the chord ts called the 
aspect ratio. 

14. Airflow past an Aerofoil i—Experin»enu show the following 
results tvhea a typical aerofoil inoves ihroogh air at a small angle of 
attack {vide Fig. 6)~{a) A shght upward deflecuon, called ttp-xash, 
occurs in front ; and (b) a conswlcrablc riotvnward deflection, called 
do'j.t!xccsh , oc^TS bcIuDCi the widg. The dcuvrivash is important as 
It affects the direction of the air sinking the taJ plane or ether parts 
of the aeroplane in the rear of the main riane ; (c) A smooth stream- 
line airflow rakes pf.ice over die top and bottom surfaces ; (d) The 
streamlines are closer above ilie top suriace than over the boltotn : 
(e) Above the top surface the speed of aHlaw is incre.ased and below 
the hottom surface it is decreased ; ^ I je pressure of tlie air above 
the wing is reduced below the norma- attnosphcric pressure due to ilic 
increased speed of the airflow; and (g) the pressure below the wing Is 
increased due to the decreased speed 

Though the facts stated in tf) and (g) appear to be puzzling at 
first. It can be explained by Ihe Veniuri-Tube experiment. Here the 
upper surf.icc is somewhat similar in shape to the lower half of the 
Ventuti-Tube and the closer streamlines above the highest part of the 
c.itnber resemble those pasring riirough the neck of the Ventun- 



Fig. S— Airflow over Aerofoil. . 
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1 As stated in tlic case of a flat plate the decrease of pressure above 
the wing surface produces a force R^ — which, is an important part of 
the .total force— pulling the wing up and the increase of pressure 
below the ^'ing gives rise to a force R, pushing die iiing up. These tjvQ 
upward forces give us the resultant £otcc R acting approximately at 
right angles to the chord line. But the decrease of pressure above the 
iving surface is more important, for to this is due the greater part of 
the lift force. Roughly, about two-thitds of the total load ou die iving 
may be attributed to this decrease of pressure while about one-third 
may account for the increase of pressure on the lower surface. 


[Note, — It should be noted here that the common idea is that 
the airflow moving away from the upper surface of the iiing causes a 
partial vacuum and thus provides a lift force, but this is uTong. In 
fact, the greater vdl] be the increase of speed as the air is drawn 
closer on .to the upper surface of the wing, and by the consequent 
reduction of pressure the upward force produced will fee greater.), 

15- The Centre of E^ressnre: — The point in the chord line 
through which the total force K be considered to act is known as 
the centre of pressure. It has no ued position but varies according 
to the speed and the angle of attack. 


(a) Distriboflon of Fressnre over as Aerofoil.— The distribution 
of pressure over the surface of an aerofoil has been experimentally 
determined, and its snidy is of great importance. The method 
consists in distributing a number of glass 
tuhes, which are placed parallel to the *0 j 1 \ 

direction of motion, over the upper and \ 1 

lower surfaces of the aerofoil. These arc — , \\ll/ / 7\ 

connected to a manometer, and different 
pressures are ascertained. Ilg. 6 shows , “ ' " 
the pressure distribution over an aero- 

foil at an angle of attack of 5', from PTror** 

which the following observations are Fig. 6 — Pressure Distnbation 
inade:~(a) The pressure Is not eyenly . over nn aerofoil, 
distributed, both the decreased pressures bn the top surface and the 
increased pressures on the lower surface being most marked over the 
front portion of the aerofoil; (&) the greatest pressure-decrease -(and 
hence the largest forces) occur cai die top surface, and it is near the 
leading edge and over the highest part of the camber ; (c) the decrease 
in pressure over the top surface is greater than the increase on the 
lower surface. 


From this it is seen that the shape of the top surface is of great 
importance. It is the top surface, which by means of its decreased 
pressures, provides the greater part of die lift, and, at some angles of 
attack, this decrease of pressure on the top surface gives us as much 
as four-fifths of the lifo 


(h) Movement of Centre of Pressure. — Experiments show that 
the distribution of pressure over the aerofoil changes considerablr 
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with the change of the angle of atadt and consequently the centre ol 
pressure (C.P.) moves. The poatioa of C P. is usually defined as 
a certain proportion of chord helund the leading edge. The n]ave< 
ment of CP. is an inconvenient jsopctiy of the aerofoil, for unless its 
centte of gravity |CG.) and CJ* coincide, there will he a turning 
effect about CG. To understand this let us suppose that for a certain 
angle of attach the CG. and CJ* cModde. Now, when the angle of 
attack of increases there will be a lonratd itiovement of C P„ and ta 
there will be a turning movement about C.G. equal to Rx-, ^ere Ji 
is the total wind thrust and x the distance between CP. and CG. 
This movement will rotate the aeiofoil and stiU further increase the 
augle of attack and thus the equilibrium will be disturbed. 

In any case, large movetnents of CP. will make the aertmlane 
difficult to control and ao in a gcod aeroplane the Toorement of C P. 
should be limited which is obtained by a ttiiiable bi-convex crofs* 
section or by increasing the aspect-r.ttio. for ex.imple, by tapering the 
wing. 

Lilt and Drag:— In practice the tllrecuon of mociOD of ao 
aeroplane, is not always horizontal and so the L component la not 
always vertical It Is usual to spilt np the totel reaexiirt R into two 
cofflTCneats, L and D, relattve to the ostyiot^tbe component L which 
is always perpendicular to the darectian ol the .'lirffovi (or motion) is 
called liftj and that parallel lu the direttios of Uie atrSow is t^led 
draff, which is always opposite to (he dueciion of motion, lift is 
used to balance the weight of the aeroplane and keep it in the air in 
level flight Other parts of the aeroplane as tailplane. elevator, etc., 
may provide further lift forces when desired. Drag it the enemy of 
fbgnt and every effort must be made to reduce it to a mmittium. Only 
in normal level-ighi llie Eft i» vertical and the drag hnrlaonial, but 
if, in turning, the wings of an aeroplane assume a nearly vertical posi- 
tion, then the lift L is nearly horiiwstal lift is always pe^eaJi- 
cular CO the dircctitm of motion and drag is always opposite to it. 

17. JJft and Drag Formulae: — In Fig. fi, i? is the resultant 
force on a transverse section of die wing of an aircraft whose angle of 
attack is a and wh«e relodty » V. We have already seen in Art. fi 

tfiat the total reaction (or reastance) R— ^ Ib.-wt. 

We have ia Fig 5. the Eft component L=R cos a. anti the drag 
D=R sin a. whence 

L=K cos 

g K 

where f represents the ajr dtmsity (in lb. per cu ft), A the snrface 
or pl.are area of the wing projected on the plane of the chord (in ^tq. 
ft-), V the velocity of air speed ^ fcTJcr sec), and g the acceleration 
of gravity («322 ft. per sec.*). 
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Since X is a constant for some ^vea condidoas in a machine, we 
may write the symbol Xj for X cos « and X© for X sin a, which are 
spoken of as lift and drag co-efficients respectively. 

[Note. — (a) These symbols should not be confused with L and D 
which give the actual lift and drag in pounds-weight, and Kg and Xj> 
arc constants only. (l>) The above telanons are strictly true when c is 
small, for we are not justified in assuming that R is at right angles to 
AB for. large angles of attack.] 

Then, we have, L = and D = ; and hence. 

S S 

, . L Kl 

dividing one by the ojher, we get the important relation, ~Kd * 

and L/D is known as lift-dtag ratio- 

Note that when L is exactly equal to the wtdgbt W. of the aerofiiwl 
we get, for a normal horizontal flight, Wst ' » 

18. Factors affecting the Lift-Drag Ratio i—Tbe factors affect- 
ing the Lift-Drag ratio are 

(j) The angle of attack — ^Wc get a maximum Lift-Drag at an 
angle of attack of about 4* (see Fig. 7). 

(«) The airspeed.— ‘BoUk lift and drag ^cctly proportional 
to the square of air speed. Hence increase in airspeed will increase 
the lift and drag, other factors remaining die same. 

(h'j) Increase in wing surface or picne area (f.e. the area projected 

on to the plane of the Siord).— This 

will increase the lift and drag when the 
plane is flying at the same sjiecd and 
the same angle of attack in air of the 
same density. (In practice, however, 
the angle of attack larcJy remains 
constant even for a very s1k« time.) 

(jv) Increase in density of the 
oir.' — V and a remaining the .same, 
the increase in density will increase 
and the decrease of the denary mil 
decrease the lift and drag. 

19. Lift and Drag Corves: — In 
order to get some idea of what 
happens when the angles of attack 
of a typical aeroplane wing is gradu- 
ally altered, wc shall consider the 
lift and drag curves shown in Fig. 7. 

Considering the curve drawn widi 
the lift co-efficient L and the angle of attack, 



-_2* 0* ^ 4* 6‘ 8* lO'ltfli 
Angle of AUnck^’ — ' 
Kg. 7— Lift and Drag Curves. 


will be seen that there 

definite lift at 0*. and diat the lift increases steadily between. 



656 


• rNTERMnutAiB pJnrsics 


G” and 12* where tlie graph is practically a straight liar. Tlic maxlraum 
value teaches at al»Mt 15* after which the lift heglns to decrease 
rapidly. This rapid f.iHing off u called slaHtug, and the angle of 
JltpacV. .at which the lilt reaches a maximum taluc is known as the 
stalling angle. 

. ^ Now for the Dra^r Curve \se find that its value is always positive. 
It IS least at about Q*. Tlie increase of drag up to the stalling angle is 
not very rapid, hut after it the increase becomes more and more rapid, 

20. Lift'Dr^ Ratio Corret— We hare considered lift and idrag 
separately, but ir should be realised that the ratio Z./D under 
varying conditions is of great importance. We know that an aero- 
plane travelling through the air must employ power to create a propel- 
ler-thrust in order to overcome the drag of the .aerofoils, and so It U 
desirable to require as little power as possible for a given lift or, in 
rther ^vt»td.h Coc’die sike o! eSdertcy vse want as much lift, but as 
little drag, as po.ssible for our aerofolL Jn fact, we want the hitheti 
^ssible values for Jhc L/D ratio for any given working r.inge. From 
t^. 7. we find that the lift Is highest at about 15* and the least drag 
we get at about 0*, so at ndiher of these angles we really get the 
drag, or the bC'V Ilft-drsg ratio. This shosts the importance of the 
curve ahoviing L/D ratio of the aerofoil .vgaiast the angle of att.sck. 
Here we find that the greatest value of L/D occurs at about S‘ or 4* at 
which angles the lift 1$ about 20 times the drag Thus, it is teen that 
an ideal aerofoil nun be moving at art angle of attack of about b* or 
4* when it will give its best all-round re.snlr. This angle at which the 
>^st result is obtained is sometimes tailed the optimiun angle. 

[Note. — In Fig. 7, the values of Kft and drag co-elSdents are taken 
instead of the toul lift aad drag as the former will be practically 
iudependenc of the air-density, the scale of jhe aerofoil, and the 
velocity employed, whereas the total lift and drag will depend on the 
actual conditions at the time of ffie experiment.] 

21. Stallini; s— At values greater than that cortesjiondiag to 
the maximum lift, the llfj falls off rapidly and this rapid falling off is 
called stalling, when the aeroplane is said to be stalled SwUihg is 
accompanied hy a loss of lift as well as much increase in drag, Tlie 
airflow no longer shows a srorvith sircamlme flow and K finely 
cliarges into a turbulent flow. It is evtretnely dangerous if ttalling 
happens at the time when the aeroplane Is very near the ground 

One of the devices in reduemg the lisk ol stalling is the llandlw 
Page slot, which is shaped rather like a wiOff and fitted on tlic lead- 
ing edge of the main wing On moving forward the slot at a linw 
when the angle of atsitk of the aerofoil is increased. a_ smaller an?le 
of attack IS presented to the oncoming air causing an increasing air- 
ftow over the wing surface, and the lift is restored. 

22. Amfon Characleristlcs The lift and drag co^fiicienH 
of an aerofoil depends on the shape of the aerofoil, and they wtll 
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change ivith clianges in the angje of anack. - The result of experiments 
on aerofoils can be easily demonsuated by drawing graphs to show 
how L co-efficient, D co-(^cicnt, and LfD ratio alter with changes in 
tile angle of attack. These three may be called the cJiaractcrislics of 
the aerofoil. 

23, The Ideal Aerofoil : — The characteristics of the ideal aero- 
foil are given by the curves in Fig. 7. Thus the ideal aerofoil should 
have 

(1) A high fnaximum lift co-efficient in order to lower the landing 
speed for the safety of the plane. Tic higher the lift-co-cfficient of 
the aeroplane, the lower will be its landing speed and greater will be 
the safe^ of the plane. 

(2) A low mimmum drag co-efficient — not only at a certain angle 
of attack, but it should remain low over a large range of angles. Thus 
the aeroplane will have a low resistance and will be able to attain 
high speed. 

(8) A High Lift-Dreg ratio for lie sake of efficiency, good 
weight-carrying capacity for a small expenditure of engine-power and 
(o less expense. 

(4) A' smell yncvemcnl of centre of pressure to improve stability. 

(a) CompromUes. — In acnia! praaice, however, wc find that no 
aerofoil will meet all the requirements. Therefore some sort of 
compromise is made just as in the case of a good hydrostatic balance. 
We cannot get an aeroplane wliicli will serve all our diSereac .pttipgscs 
and the shape of the’ aeroplane is the first, and perhaps the greatest 
compromise to.be made. So different -dices ' of cambering £ made 
according to the difTerent purpose.^ the aeroplane is desired to serve, 
For instance, for high spcea die top surface camber should be about 7 
or 6 per cent of the chord while for general use it should be about 
10 or 11 per cent, of the chord. 

Both lift and drag' arc increased by increasing the camber ^of 
the upper surface. TIic alterations the camber of the bottom 
surface of the aerofoil have a mudi smaller efTcct. Modern aerofoils 
have their lower surface flat or slightly convex. 

24. Normal HoriMintal FligM : — Without taking into account 
the forces on the tail unit, an aeroplane, when flying straight ahd level 
r— which we refer as noinial horizontal flight — may be said to be under 
tite influence of the four main forces: 

-(1) Tlic lift L of the m.^in planes acting vertically upwards 
tlirough .the centre of pressure. 

(2) The tveight W of the aeroplane acting vertically downwards 
through tlie centre of gravity. 

(3) . .The thrust . T of the prc^icller airscrew pulling horizontally 
forward along die propeller draft. 

(4) The clraq D acting horizontally backward. This is the total 
drag on the aircraft consisting of die drag of the aerofoils and also of 
the remaining parts of the aeroplane. 
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25. (^aditioDS of Eqi^ibriimi: — In the ideal case when the 
aeroplnne is fljing level at a areadr speed in a fixed direciion, tliat is 
to say, the raaln coodidoa of ctju&brium of those four forces, whi^ 
must obey the simple latv* of mechanics, is that all the forces would 
act, through the same point. Uteo we have, 

(0 ^ = li'- This condiDOQ inll the aeroplane at a coostani 
height. If Z,>. If’ (this is secured by i&creasln;r airspeed by increa'ing 
eagine power), the aeroplane will ascent, and if L < ir the aeroplane 
will descent. 

(li) T s= D. This coodluoa will keep ibe aeroplane moving at 
a constant speed If T>D the aeroplane will move with an accelera- 
tion and if 7'<D there will be retardation. In practice, however, 
these forces are nerer constant owing to varying condidoni, r.g. 
the weight of the aircraft docs not icmtun consianT u value. L is not 
conmot as the angle of atuch may change due to wing-thrust/ the 
posidoQ nf C.G. is not consuot. JXie to these diSeulties the Ideal 
arraegemeot of the forces is not posable. 

Now tvhea the size and posidon of forces change, the turning effect 
of the aireaft is contrwUed by the pilot by (t) control column mo’iC' 
meet (discussed later on) and (iV) mainly by adjustable tail plane. 


CHAPTER tv 

aeroplanes and THEfR CO.NTOOLSt MANOEUVRES 
25. Component Parts of the Aeroplane: — We have alreadv 
mectioaed about Mote parts of an aeroplane and espcQally base dealt 
with one of its main parts, ir. the wings or aerofoil*. Let us lute 
here that an aeroplane mainly oon^ts ot the follovrfng parts; — 

(n) furcf'ige ; (b) Tl'ings or Aerofoili ; (c) ProfellcT or Arrtcrev : 
(<0 Tail fUme : (c) Aileron ; (/) Peralor ; (g) Rudder and Fin. 

The Forage.— The main body of die madune is referred to as 
the fuselage, which must 
be large enough to con- 
tain engine, tanks, pdot 
bombs, goods, passeneers. 
etc. that the machine 
has to carry. 

TaB plane.— It is a 
small plant fitted at a 
considerable distance be- 
buxd the Tosia ^Une in 
order to provide the up- 
ward or downward forces 
{necessary to contraa the 
xnmily action of the four 



Fig. 8 — AewpUae. 


Ksin farces mennoned in Art. W. 
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27. The Propella- or Airscrew: — The theory of airscrew is 
too advanced to be considered here, but a general idea of the wort of 
an airsoew will be given here. 

A propeller, also called an aiesetew, is much like an ordinary 
electric fan in appearance, but while a fan sucks air from behind and 
throws if forward, and airscrew sucks air from the front and throws 
it backward. The result is that due to reaction the fan tends to move 
backwards, while the airscrew is thrust forward, and thus pulls the 
aeroplane along with it. The thrust of a propeller is the force with 
which it drives the air backwards or urges the -aeroplane forwards. 
The propeller is the means by which the power of the engine, which 
rotates it, is transformed into a forward thrust, and thus gives the 
aeroplane a translational vdotity. Thus, the aeroplane forces its way 
through the air by means of propellers rotating in a vertical plane and 
we may say in effect that an airscrew screws itself through the air 
pushing or pulling the aeroplane to which it is attached. The pro- 
pellers arc situated either in front of the body of the machine, wnen 
It will cause tension in the airsorew shaft and will thus pull the 
aeroplane forward (In which case the aeroplane is called a tractor) ; 
or in the rear of the body when it will push the plain forward ^n 
which case it is called a posher). Airsaews vary in the number of 
blades from two to four, but the two-bbded variety is the easiest to 
manufacture and slightly more efficient. The shape of each part of 
an airscretv blade, taken in a direcdon at right an^es to its length, is 
found to be similar to that of an actofoU. 

The diagram {A, B, C, in F1g._9} shows several cross-secdons 
taken at vatfous distances from the centre. The airscrew also derives 
sunilar forces from the airflow to those 
giving lift and drag in the case of wings 
but Giving to variations in camber, 
chord and speed, the lift and drag 
components increase and decrease from 
section JO section. The airscreiv may 
be considered to be exactly like an 
aeroplane wings, but that, instead of 
moving in a straight line and support- 
ing the aeroplane, the airscrew moves 
in a spiral path and produces ihc 
thrust which overcomes the drag of'’ 
the aeroplane. Due to their different 
functions the plane form or an airscrew blade differs from that of a 
wing ; and the airscrew blade is jwisted so tiiat the angle to the shaft 
of die propeller is greater at the base fban at the tip, while the angle 
of the wing is almost the same throughout. Thus the forward thrust 
of the airscrew corresponds to the upward lift of the aerofoil, and drag 
in this case is represented by the reristance of the air jo the rotatory 
motion of the airscrew. 
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' tot:J airscTOT tlitusr is the sum wf jhc tlirusts on each’tladc 

Mcnoa, and it is the force wlucb 'pulls the aeroplane through the air. 
rhe total tlrag on all the blade sections constitutes a couple— known 
as airscrew torque— which resists tlie rotatory motion of the airscrew 
(Fig. 9) and opposes rhe engine torque (or r/ie- turning moment) 
applied to the airscresv shaft by the engine. The airBcresr lorqtic has 
to be overcome by the engine torque. This'ls analogu* jo the thrust 
and drag in the case of an aeropLone. 

(a) Pilch. — The airscrew is a screw which sctcsts its way 
through the air in the same way as an ordinary screw does through 
wood but some important diflereDces are to he noted. In the case of 
an ordinary screw the distance incised fcirward in one revolution is u 
fixed quantity and is called the f«‘rc/i of the screw, the value of wlildi 
depends on its geometric dimensions, and is usually called the geo- 
tneirie ptich. But. in the case of Uie aixsciew, the distance moved 
forward in one revoluaol (caOed the advance per rtvoluiion) is not a 
fixetl quanti^ as it depends entirely on the forward ipeed of the 
aeroplane. Anuiher imporiaat diHerence hertteen the airscrew and 
the ordinary screw is that the aincrew has no actual gilp on the air 
coxoparable to an unJInury screw in wood and there is a tertain 
amoiinc of slip so that the distance moved forward is less than the 

S eometric pitch. This distance is not also eonsiant os it vanes with 
le speed of the aeroplane. Thus the s/ip of o screiv is the dlilercncc 
benveen the distances it should travel theoretically and its actual 
progress. 

(b) Pitch Angle. — We should all know that the twisted appeu- 
aace of the akscrew hlades it not without any meaning— rather it is 
the product of highly skilful design- The sections of tlie blade near 
the up are moving with a iniirh grealer velocity than those near the 
root, and so mO't of the thrust is produced by iLc noirions near the 
tip For this reason the «'fcA (or W«<fe) angle is not uie same through- 
out the airscrew blade lu order that every part of the airscrew ma)^ 
move the same distance forward during one revolution of it. Other 
tiungs being equal, a large propeller moving cotnparativelv slovclv 
gives more thrust than a small one driven at liigh speed. The pilch 
(or Mode) angle is the anj;lc which the chord of any given blade 
section makes with the horizontal plane when the airscrew is laid flat 
on this plane, its axis heing vcrticaL 

The Experirnenta! Mean Pitch is the. distance the airscrew moves 
forward in one levolution when the thrust is zeio, and ''hett *he 
thrust and efEdency of the .lUscrew is a matlmtim. the pitch is tailed 
the Effective Pitch. 

(c) ECTiciency The efficiency of an airscrew is the ratio of the 
useful work done by it to tlie work put into it by the engine. In actual 
flight for the same rotational speed ol the airscrew, a forward motion 
—which means some useful work done — may be anamed at which 
each blade section meets the airflow at the angle of attack of about 3 , 
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which is the most cffidenc an^ o£ attack for an aerofoil having its 
maximum lift-drag ratio. So here the rado of the airscrew thrust to 
the torque is a maximum ; and so at this speed the screw has 
maximum efficiency. 

28. Fixed Pitch and Variable Pilch Airscrews : — It has been seen 
that only at a particular speed of the aircraft a fixed-pitch airscrew 
has got i.ts maximum effidericy at a given rotational speed, but in. 
practice, the actual speed of an aircraft varies over a more or less 
wide range. An airscrew whose pitch can be varied by the pilot, 
when in flight, is called a variable pitch airscrew the mechanism of 
wliich is rather complicated, though this is very eifecti\'c for all condi- 
tions of flight. But whether a variable pitch airscrew is advisable or 
not depends on the speed-range of die aeroplane. For a high speed- 
range, a variable pitch airscrew is essendai, and when the tpaximum 
speed is relatively low, a fixed-pitch airscrew will work quite uell. 
with this type of airscrew an aeroplane might be brought home 
safely when in danger, which would have been impossible with the 
fixed-pitch type. So for a raodem machine of high-speed langc a 
V. P. airscrew is essential. 

STABILITY AND BALANCE 

29. Stability and Balance: — If an aeroplane, when disturbed, 
tends to return to its origin.-il position, it is said to be sfablo and the 
stability of the machine means its capadty to return to some parti- 
cular condition of flight after it b slightly disturbed from that 
condition. 

[Note. — Stability should noj be confused with balance. Suppose 
an aeroplane flies with one wing more dipping than the other and it 
may, wlicn disturbed from this state, return to its former position. 
Such an aeroplane is noj unstable but only out of its proper balance.] 

30. Stability : — An aeroplane may rotate about three axes all 
■mutually at right angles to each other and all passing dirough the 
centre of gravity of die aircraft. These axes are as follows: T/ie 
Longittidinat (or rolling) axis XOX' running from nose to tail ; the 
Lateral (or -pitching) axis YOY' in the same horizontal plane, and tha 
Normal (or yaivning) axis ZOZ'. 

(1) The rotatory motion of the aeroplaoe about the lateral axis 

is called pitching caused mainlj by a wind-gust rdsulring in the nose 
rising or. depressing. During pitching the longitudinal axis moves in 
a vertical plane. ' 

The capacity to correct pitching is defined as Longitudinal 
stability. 

(2) Any rotatory motion of the aeroplane about the longitudinal 
axis is called rolling, - resulting in one wing • rising aifcT other 

. dropping. The lateral axis moves in a vertical plane during rolling. 
The ability of the aeroplane to correct rolling is called lateral 
-stability. - • - • - 

Vol. I-^l 
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(0) roCitory motion alxHK the normal axis is called 'jawing. 

’k ^*^**^^*® ^ tiose and tail being deOecced to one side, and in this 
both axes move. The capactw jo correct yawing is called Directional 

sCttinluy. . , . 

• (o) Longitudinal Stability/— This is adiieved by the tail plane 

by setting it at an angle less than that of the main place. Suppose 
■that due 10 nLnd-gust the nose of the tnaehiite is tlirown up. The 
tail plane is then turned m> ihai it piesents an angle of attack less 
than tliat of the main plane and thus a force is obtained on the tail 
plane in such a direetion as is necessary to counteract the ino'cment 
of C. P. of tlie main plane, which is detrimental to stability, and' thus 
to bring the machine to equilibrium position. Another condition for 
longitudinal stability is that the position of jlic centre of graiity of 
the aeroplane must not be lOO far back. 

(b) lateral Stability.— During normal ffighl the hft on the wings 
is vertical, and eoual and opposite m the weigbr, but when a roll takes 
.place one wing oiops and the other goes up. In this position the lift 
>« inclined and is no longer in the same straight line os the weight 
As a result of cliese two uoojiaraUel forces, tlie machine cannot be in 
equUlbrlum and moves bowy sideways, called side tUp, in the 
direction of the loner wing. To overcome ibis lateral instability a 
small positive dihedral angle is introduced bemcer the tv\o wings by 
setting the wings to be uiclioed upwards by a small angle to tbe 
lateral axis. Now the vertical component of the lift on the lower 
tvine is Increased, the ^ugle of attack being greater, and that on the 
other side is decreased and thus a co^le U introduced which brings the 
aeroplane to the irornial position Dvrcral stability depends also on 
the position ot ihe centre of gravity of ibc aeroplane. 

[The dlbedral angle is the angle between each plane and the 
Iroiizonul foi the normal position. It is positive when the plane U 
‘sloping upwards and negative when slc^nng dowawaids.] 

(c) Directional Stahititj. — This i* secured by fitting a tmaU 
aerofoil vertically at the centre of the tail plane. This acts in a way 
similar to that of the tail plane and produces a force which opposes 
■any tendency Co Spin round the normal axis. This small aerofoil is • 

known as the fin, which is the roost imporunt factor, for, both by Ik 
surf/fee area ind position, a conecong turning luonient is obtained 
from it ' 

' Lateral and directional stability are Inter-relative A roll i» 
followed by a yaw and Vice versa, and the study of the two cannot 
'be separated. 

31. Control It is no doubt necessary that an aeroplane should 
be stable but that Is rot enough. It u also necess.try to control the 
'machine to force it to take any desired position, or to 
, tendency of the irachice to wander from any desired path. When the 
pilot desires to bring about suds diangeS be has at his disposal three 
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movable ccsntrol. surfaces - which are operated from the coebpit by 
means of cables or rods: («) the'devator, {b) aileron, and (c) Tud4h‘. 

(a) Lon^todihal Control and the Elevators. — Longitudinal 
control is the control of pitdiing and is obtained by the elevators 
^vhich are flaps hinged b^ind the tail plane by which tlie angle at 
which the machine is flying can be alter^ and thus the nose of the 
machine can be raised or lowcrwi as desired. Elevators are operated 
by means of the control column (also called Joystick) situated in front 
b£ the pilot’s seat. By pulling the Joystick backwards, the elevators 
are raised by which action the aeroplane begins to ascend, and the 
opposite action takes place by moving the Joystick forward. 

(b) Lateral Control and Ihe Ailerons. — Lateral control is the 
control of rolling of the lateral axis and is obtained by the ailerons 
which arc flaps hinged at the rear of the main wings near each wing- 
tip, They are connected together so that when one flap is depressed, 
the other on the opposite wing-tip is raised. When a machme has 
been tilted through an angle laterally by an wind-gust, the pilot rights 
the aeroplane by depressing the ailerons. Thus oy the aid of the 
ailerons the aeroplane may be banked, that is, the machine may fly 
with one wing lower than the other. The ailerons are operated by 
movihg the control column by the hand or sometimes by a control 
wheel like die steering wheel of a motor car. 

The linkages of the control surfaces are so designed, the 
controls may Be moved instinctively from the pilot’s cockpit when 
any manoeuvre is desired. 

The elevators and ailerons are mo'xd by a single control column 
in the pilot's cockpit. By pushing the control column to the left, the 
right-hand aileron is lowered and the rLght5iand wing is lifted up ; 
while at the same time the left-hand aileron is raised and the left- 
wing dips down. Thus jhc whole aeroplane is banked to the left. 
This control is required as instinctive. 

(c) Directional Control and the Rudder. — It is the control of 
yawing or rotation about jhe ncmnal axis, and is obtained by the 
rudder, which is a verdcal flap hinged on to the rear of the fm. This 
is operated by a- rudder bar in the oickpit and worked by the pilot’s 
feet. On pressing the right foot forward, the rear of the rudder ivill 
be moved to the right and the aeroplane will turn to the right and so 
on. The -function of die rudder is to keep the machine in its correct 
course, and it is also used in conjunction with the ailerons for turning 
the machine. 

In general, tiie movement by Jhe rudder will give rise to a side 
force on ihe fin, movement of the elevator will produce a force on the 
tail plane while the movement of die aileron increases or reduces the 
lift on the wing, as the aileron is pulled dotvn or pulled up. 

• It should be noted that in each of the above cases the control 
surfaces are placed as far as posdble from the centre of gravity of the 
machine so os to provide suffidenj leverage to alter its position. 
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(d) Ungtnc. — Besides the above control units, the engine i» 
also considered as another uoit, CTimaty function of which, from 
the point view of control, is to vary the height at whicli tlie rnachine 
is flying for a given angle of attadc, speed, ere, 

32. Stability aud Control : — The difference between stability and 
control should be dearly noted. Stabilising devices, such as the tail 
plane and fin, restore the aeioplane to it* original path of flight .after 
a disturbance has occurred while, on the other hand, the pilot uses 
the control surfaces, such as the elevators, etc. to manoeuvre the 
machine into any desired pouiion ; but change of alntude will be 
resisted by the inherent sobthsing devices. The control surfaces 
should therefore be effective enough, lo overcome the action of the 
stabilising devices. 

Stability and Trim. — When an aeroplane U in trim it will continue 
to fly without changes of diieciioo or aliuude, even when the pilot takes 
his ^land off die coniruls provided it has (ho necessary subihey. But 
if the aeroplane is not in mm it will either go slowly up or down, and 
this want of trim can be corrected by the use of small auxiliary flaps, 
called trtmuting tobr— hinged to the trailing edge. 

33. MnnoeuTtes 1— The various manoeuvres which an aeroplane 
may be required to perforni are given below; 

(1) TakeKif! and Landlug.— In lalf-off, the throttle of the engine 
u opened, and the machine moves over the ground galnin? speed, 
while the pilot depresses the elevators, thus raising the tail. Tlie 
machine men rue* up attaining the nuiumtim speed to be sustained 
in air. 


Landing is done by bringing down the speed of the aircraft until 
It is brought into contaa wish the ground. Landing may be slow 
or fast. 

(2) Gliding. — In this the engine b throttled down until the 

speed of the engine is just sufficient to keep the engine going Noiv 
the thrust T disappe.irs anrl the aircraft must be kept in equilibrium 
by the forces of liit, drag, and weight only, te the total reaction, or 
the resultant of the lift and drag, roust Ir; exactly equal and opposite 
to the weight. The angle between the paih oi the glide and the 
horizontal is called the gliding angh whuA is the same as the angle 
betv'cen the lift and the total reaction. ' 

(3) Climbing. — In order to make a climb, the pilot holds the 

control column tscLward to have the angle of attack between the_ 
normal and stalbng values. ' 


(4) Banking.— Tl.inXing is accomplished by moving the nilerors 
over, so that one "lug drops ami the other rises. In this the lift 
force, in addition to lifting the machine, supplies a component to- 
wards the centre of the mm, so that a large force Is obtained for 
pulling the machine into a dtcular path and setding it down lo the 
steady condition. 
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Besides these, other different manoeuvres done by expert pilots arc 
as follows: {5) Side slip fvide Art. 30(fe)]; (6) Ceiling [vide Art. 33]; 
(7) Loop; (8) Spin. ; (9) Roll; (10) Zoom; ^1) Nose-dive. 

34. High Altitude Flying ; — It has already been pointed out that 
with the increase of altitude the density, pressure, and temperature 
of the atmosphere all decrease, and these cause important modifica- 
tions in the forces acting on die aircraft The effect of decrease of 
tlie density of air may be summarised as follows; (o) Decrease In 
lift and drag ; (b) Falling-off in the power of the engine ; (c) Decrease 
in air-screw thrust 

(a) lift and drag depend on die density of air. At higher 
altitude the density of air is considerably less than that at ground 
level and so the lift can nt> longer balance the weight of the aircraft. 
It is necessary, therefore, cither to increase the speed of the aircraft, 
leaving the angle of attack die same, jo obtain sufficient lift to balance 
the weight, or to increase the angle of attack (vide Art, 18), which 
in turn will increase the drag. 

There is, however, a limit to the possiUe iociease of speed as it 
depends on the power of the engine which is also limited, and further 
there is also a limit to the increase of the angle of attack, as, we 
know, when diis is made too great, the lift will decrease instead of 
continuing to increase, or, in other words, there will he stalling of the 
machine. 

(l>) As the pressure of air decreases with height, the weight of 
petrol-air mi.xture taken Into the cylinder of the engine for combus- 
tion is reduced and so there is a considerable falling-off in the power 
on the engine. This may be remedied to a certain extent by super- 
charging, i.c. by fordng die mbtture into die cylinder with a pump. 
But ultimately the atmospheric pressure becomes so small that, with 
all existing engines, there is a height at which the power begins to fall 
off in spite of the supercharger, and we find that sooner or later a 
height is reached which cannot be exceeded. Thus the maximum 
height to which an aeroplane can ffy depending on the construction, 
design, and, weight and engine power, is called the ceiling of the 

(c) In rarefied air the airscrew-tfirost is sufficiently reduced even 
when the engine and propeller levoludons per minute arc sufficiently 
increased. In such cases variable pitHi airscrew are usually crnploved 
to compensate for the loss to some extent. 

In the stratosphere, the temperature is nearly — GO^F., and at this 
low temperature, ail metal joints become leaky, rubber becomes brittle, 
pipe lines freeze, and so on, unless special precautions arc taken. 

Again, the low teraperarure and low {K-c-ssuro at hiijh altitudes 
affect the comfort of the pilot and other passengers. For the low 
temperature, heavy warm nothing (woolen, preferably leather cloth) 
garments are essential and the calm should be electrically heated. 
For oxygen deficiency in the lui^, oxygen is supplied from cylinders. 
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But ar sufficiently high altitudes, the pressure in the lungs bccftmts s» 
low tliat the oxygen deficiency may finally endanger life. The cabin 
lequires, therefore, to be properly sealed and prEs.<^uii$ed to maintain 
the standard pressure inside. 

At height more than lOXtOO ft. symptoms such as drowsiness, 
breathlessness, mnsailar (vralutess. etc, becoioe pronounced, and at 
about 2j,000 ft. it become dangerous. Apparatus for the artificial 
administration of oxygen is always necessary for high altitude flight.s, 
and with its aid flying up to heights of about 35,000 ft. may be safely 
undertaken. 

Besides this, discomfort or pain in the ear is often felt by the 
pilot due to changing atmospheric pressure. Against these disadian- 
lagcs, one should remember that the weather conditions remain fairly 
constant at high alurudes. So high altitude flight is smooth and safe. 
For these reasons it is popular from the commercid point of \icw. 


Qnestionf 

1. What are meant by *i(reaiB>hae*flow and *i(rean-lined’ bedy 7 ^Vhat is tbs 

tosportanee ef • w i , . , i . r » 

2. Write sh • . . * ■ ’ . 

(c) Parachutes ; 

3. What ii 

detrrmiriR the rhiaency ui ii ( (rai. nfH) 

^plain fully how the winss of an aeroplane support it high up >n the air. 
Indicate the Ibrees that act on the maciunn. (Pat. 1939) 

4 Write a note on the flight of an aeroplane iadicabn; the patt by the 
mere important portions of ii (rat. 1942) 

5. Describe what happens when a flat plate move through air. and explain 

why aeroplane parts are stream-line shaped. (Pat. 1939 ; i/ *44) 

6. &p[aia what is meant by stream-line flow. Dseribe an expenment to 
d em otniiate the defannanoa of atream-lines by an obstacle. 

Discuss the flow of air past aflat plate moving through air with a high velocity 
ssith Its plane iaclined at a small angle to the direction cf motion. Show bow a 
UTling force is pr^ucod on the plate and explain how it varies with the angle of 
incidence of the plate. _ (Pat. 1945) 

7. What are cambered wings in ao aeropUne ? Explain, their acuoa Also 
replain with neat diagrams the actions of the tail, elevaior, fin, and niddrr. 

(PaU 1938, '49^ 


ailrmns in an aeroplane 7 Ts liiere any limt In tJie height to wbich an aeroplane 
can ascend ? Give .easons. (Pat- 1942 i ^ Utkal, 19*18) 

It. \Vbat U a tceeata-lined body ? ttecritw tbn. vtn.u*>ee of an. aeroplane 
wing and discuss the factors upon vriuch the lifUng efhciency depends 

(Utkak 1919) 

12. Write nota on : (a) sticam-Ime and turbulent flow, (5) lA a ' ■" 

(c) aerofoil, and (^ air-screw. Cl 

13. How do you get the *lift' that si 
u the correrponding ‘wing-drag* ? 




1. 1953) 



AEROPLANES AND THEIR CONTROLS: MANOEUVRES 


647 


Define coeHicients of ‘lift’ and ’dng,’ and prove that in horizontal flight (when 
lift mutt be equal to the weight t^themaduae). 



t the area of the tving, k the cocffidcDt of lif^ and d the density of air 

supposed uniform. (Pat. 1940) 

14. Explain what you understand by Tifif and ‘drag’. Illustrate graphically 

how the ratio of the nvo varies with the angle of incidence of the aero-foil. Explain 
the action of an air-screw. (Pat. 1955) 

15. Write short nota on the variations of ‘lift’ and ‘drag’ vrith the angles of 

incidence. (Pat. 1953) 

16. A stream-line body having a frontal area of 1 sq. ft. moves through air with 
a speed of 180 m.p.h. Calculate the ‘di^’ rm the body assuming the value of ‘drag 
coefficient’ to be Q'04 and density of ait (KJafi lb. per cu. ft. 

[Ans. 2-421b.-wt.] 

17. Define 'Centre of Pressure’. Hotv dots the CP. of an aerofoil move with 
the increase of the angle of atuek from 0° to 20* ? 

18. What are the factors on whidi the ‘lift and drag' of an aircraft depend ? 

19. Criticise the following stalcmeiils (o) ‘Lift’ increases as the ancle of 
attack of the wing increases ; (A) lift is ^ways vertical ; (r) ‘lift and drag’ arc anected 
only by air speed and angle of altaek. 

20. Draw a neat sketch of an aeroplane sbowiog its essendal parts and explain 

fully the control system in it. (Fat. 1943} 

21. Dratv a sketch showing the four principal forces acting on an aeroplane 
in nomal horiaontal flight. 

22. What is an ‘air.screw’ ? Explain bow it gives the forward motion to an 

aer^lane. (Bihar, 1956 ; Fat. 1939, *53) 

23. Write a short note on the air.screw and explain clearly how it propels an 

aeroplane through air. (Utkal, 1952) 

24. Describe the parts of an aeroplane which ensure its stability in all possible 
modes. Illustrate, by neat sketches, the mechanisms to control iu motion in various 
directions and indicate bow the phot manipulates them in taking a turn. 

(Pat. 1941 ;r/.’44) 

25. How can you distinguish the difference between stability and control ? 
Name the axes about which pitching, rolling and yatWng of an aircraft take place. 
Which control is used to produce cadi motion ? 

26. Compare the flight of an aeroplane ivith that of a kite in air. Explain 

how an aeroplane maintains its stalnlity during fli^t. (Bihar, 1953) 

27. At a certain speed of normal horiaontal flight of an aeroplane the ratio of’ 
its lift to drag is 7'5 to 1. What are tbe values of lift, thrust, and drag’ when there 
is no force on the tail plane ? The wei^t of the aeroplane is 3300 lbs. 

[Am. lift = 3500 Ib.-wt. ; thrust = 467 Ib.-wt ; drag =- 4S7 Ib.-wt.] 

28. What is the true air speed on an aeroplane at a certain hdght weighing . 
60,000 lbs. and liaving a wing area of 1300 sq. ft. The ‘lift’ coefficient is 0-5 and 
the density of air at &at hei^t is O-fHS lb. per cu. fr. 

Calculate also ‘thrust’ and ‘dr^’ when the value of L/D ratio is 8. 

- [Am. Speed = 248 m.p.h.; thrust = 7500 lb.-wt. ; drag = 7500 Ib-ivt.) 

29. Write notes on any fm of die ibUmving (o) stream-line flow, 
(5) Bernouilli’s law, (c) stalling, (d) ndling, and (<) pitching. (Pat. 1953} 

30. Can an aeroplane fly witbont wings ? Can an aeroplane fly in a vacuum ? 

Give reasons for you answer. (Ulkal, 1952) 
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J. Trigonomelrical Ratio*.— LcfvjSC be an sfuti: ang/e repic- 
seTkitd tv C (Fig From any point O in AB lirop a perpendicular 
DE on &C. It can be shoivn geomemoUy that "haicief the point P 

be ta.Wn on AD. die lado. DE/BD. ie. j, constant 

hypotenuse 

and lieais a fixed relation to the maciutude 
nf ihc angle ff Thii ratio Is called the 
stite of Simthcly, the ratio iiK/BO is 
also constant and b called the coane of 8. 
Su, we have the foljowmg tfjgonomctflcal 

MtlOS* 


Fif I 

a . ! »d .. »m,„, * J; 

nu hypolenosc 

— scotioe 6 and is written, cos 0; 
tU nvpaieuusc 

l3£ base ^ 

DE(BD 8in_d 

“ 'SE'/FV 0 ■ 



2 . Values of Trigonwwlrical 
Rsfkis;— TIic ulucs of ibeac ratios 
can be ceomcrtically aciliicrd for 
BBglcs of y", &0', 45', CO', and £»' 
which ate giscsi below [wdc Bg. ^ 
[a and b)] 

The important lalucs arc tabula' 
ted below; 
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3. From the above table it should be noted that, 

sin O‘=cos 90'=0; sin gO'^cos 0*=1; 
sin 30° = cos 60*=l/2; sin 60'*=cos S0“ = v'3/2; 
sin 45’=cos 43*=1/V2. 

4. The inverses of sine, cosine and tangent are cosecant, secant 

and cotangent respectively. This is, cosec 0— sec^= ; 


5. It folloivs geometrically feom Art. 1 that, 

sin*5+cos*^=l 

sec*d=l-f'tan®d 

coscc®5=l+cot*S. 

6. Signs of Trigonomelrical Ratios: — According to the con- 
Tcntions foUowed : 

(i) for all angles in the first quadrant, the signs of all ratios are 
positive : 

(u*) for all angles in the second quadrant, only the sign of st'nc 
is positive and the s^ns of other ratios negadre ; 

^itt) for all angles in the third quadrant, only the sign of Isti is 
positive and the signs of other ratios negative ; 

^ ^Rt) for all angles in tbc fourth quadrant, only the sign of cor is 
positive and the signs of other ratios negative ; 

7. sin (A+B) asln A cos B-i-cos A sin B. 
sin (A— B)=sm A cos B— cos A sin B. 
cos ^A4-B)=cos a cos B—sin A sin B. 

CCS (A-D)=cqs a cos B+sin A sin B. 

8. Solution of Triangle : — 

(i) When wo sides and the angle included between them are 
«ven, the tliird side and the odicr angles can be calculated from the 
CoiiHC Loa’. 


Law of Cosines : — The square of any side of a triangle is equal to 
the sum of the squares of the other nvo sides minus ttvicc their 
product into the cosine of the included angle. As ^ 

for example, if A, B, C represeni the three angles 
of a triangle and a, h, c the sides correspondingly 
opposite to them (Fig. 3), 
c-=(i‘-i-lA—2ab cos C 
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GRAPHS 


Graph: — A graph h a t^ireseotatlon, by ineans of a cune, of 
ihe rdauoD benTcen mo variable quantities. 


Rectaii£u]ar Axes of Coordinates. — E%ery point in a graph must’ 
be plotted with rcfereace lo t«o fixed stTidgbt lines XOX' and I'Or' 


-(Fig. 1) in the plane of the paper 
Y (luA: Art. 27, Parc I)l Tliese mo 

H t straight lines arc at right an^es to 

\ /" N each other, nhich divide the phne 

(-» + ] + ) into four space* XOF, yO.V', A'OJ", 

V y V y t"OX- These spaces are denoted by 

H •*->p" — ^ the first, second, third and fonttn 
: quadrants lespettltely. 

**' Q Vr St The position of any point P in 

the plane can be located by l^nonine 

© /■■“X •“ perpendicular distaacei P/V ana 

(j-.-l PAf£fom the nvo axes XOX', I’Ol”. 
V y These distances IPN and PM) arc 
^•*■7-*^ called the r(M>rdtnafn of the point 
^ SI p, PiV bang known at the ordmate. 

* and PM the absritsa of the point P. 

Fis. 1 The fmes of reference XOA" YOY‘ 

are called iKe mtangulcr axn of 
co-ordinates, or simply the axes, the line KOX' being knovn as the 
V. flxU and YOY' as Y-axis. The point O is called the origin for 
ivhi<^ the co-ordinates for both Oie axes are zero, and the point is 
denoted as (0, 0). Thus the ordinate of a point lying on the X-axis is 
0 and the abscissa of a point on the T-axis is also 0. 


It should be noted that in the first quadrant, both the X and 
K-co-ordinates are post/we; in the second quadrant, X-co-ordinale is 
negatire but the T-co-ordinate is pontive ; in the f^iird ^uadrimr, both 
the co-ordinates are negative; and in the fourth quadratU, X-co-ordi- 
nate is positive, but the T-co-ordinaie is negative- As a general rule 
it may be expressed thus: Ordinates above the X-axis arc taken as' 
positive, and ordinates below the X-sads arc taken as negative. 
Similarly, absdssfe to the right of K-axis are taken as positive, and 
absdssjB to the left o! Y-axis are taken as ne^live. > 


Thus, the position of a point A (—4, 3) tuH be in the second 
and that bf a point B (-3, —4) will bg in the third quadrant ) 
Choice of Axes. — In all pineal problems there are Iwo varia- 
bles, of which one is the independent and the other the dependent 
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variable. For instance, in the case of a simple pendulum, we know 
that time t for one complete osdUadon depends upon I, the length of 
the pendulum. Thu’s, here / is the dependent and I the independent 
variable. As a rule plot the indcpendeid variable along the X-axis 
and the dependent variable along the Y-axis. 

Choice of Units. — To choose the unit for the ordinate or the 
abscissa, find the differeoce benwen the highest and the lowest values 
of it (given in the problem) and dmdethis by ibe number of available 
divisions of the ^aph paper along the same side. Thus get the 
approximate value of e.ich division and then choose the next best 
possible value. Since in the graph paper the tenth or the fifth lines 
are generally drawn thicker, attempt should always be made to choose ' 
the units in such a manner that ^e larger divisions are multiples or 
submuluples of 5. If cadi division represents values, which ate 
divisible bv 10, such as, 10, 100. 1000, or T, •01, ’OOl, the plotting of 
points will bo easier. Beginning from the origin write down the 
values along the X-axis and the r-axis every 5 or 10 divisions apart. 

Rule.— In drawing a graph for given physical experimental data, 
the following rules may generally be observe:— 

(1) Obtain data for at least 6 points in die graph and tabulate 
the values for the X-axU (indffendent virriable) and the Y-axis 
(dependent variable). 

(2) If there arc both positive and negative signs in the given 
data, then the origin, i.e. the point of intersection of the two axea» 
should be in the middle of the graph paper, but, if the signs are all 
positive, the origin can be shifira to the extreme lowest position on 
the left of the paper in order to have a graph of larger size. 

(8) Choose the units explained before, and plot the points 
marking their positions in the diagram by ixi or O si^. 

Different suitable scales may be chosen for the two axes, but 
in some cases, as when area is to be calculated from the graph equal 
scales will be convenient. 

(4) The point of intersection, of the two axes need not always be 
the zero of each axis. 

(5) From the portions of the points, judge the nature of the 
graph and draw a smooth curve by joining the plotted points. 

(6) The curve should pass through all tlic points, bur if it does 
not, keep the nature of the graph intact, it may be made to pass 
through as many points as possible. The point (or. points) which does 
not lie on the curve is probably in error in the corresponding 
observation. 

(7) The units .should be so chosen that the ciiroe may cover at 

much of the graph paper as possible: ... - 



Sipnmt ty a S'‘P^ ulatiet trtvim tfu Unfih ani Um end fnijramyam uraph lie 
of esnlUtion y a taediU patiaUM rfUnfOi 50 em. (Q- V, iS!5) 


e find Uiat tile I vne nToMrilUiioii depend! vpcn t>ie Ien{lli of (he pendulum 
eoltxw tf the itfitndiHitjtuile and ihould 
b« pfotied olcpnt the Y-mU. knd the 
tvluch II ihe utdfpeidnl eentite, 
ihoutd fie plniied ilong tlie A'*aeij. 

'J'he dilTerenee betveen the tiishm 
vaWe (I'li) end the lewm vaiue 
<0 4S> of time u 0 G'J and the number 
ot avadabto dtextont on the S^pK 
paper 11 40 Tlierefore the approM' 
mole value of each diviaion on the 
jhould be at Irast ^^=00017. 




Temp. 


Temp. 


Volume 

0 l-OOOOOO 

1 a-d99948 

2 0-99991 1 

3 0-999S89 

4 0-999883 

5 0-999891 

6 0-999914 


Volume 

7 0-999952 

8 1-000003 

9 1-000068 

10 1-000147 

11 1-000237 

12 1-000344 

13 1-000462 


Here we find that on chan^g i 
Impernlme is The int/ijiinitni tmliiik 
and should he plotted along the 
and vtlume, which is the 
depmdmt variable, should be plotted, 
along the Y-axis. 

The difierCBce between the 
highest value (1-0004C2) and the 
lowest value (0'999803) of volume 
isO-CI00579. Thenumber of available 
divisions on the Y-axis is 40. 
Tlicrcfore, the approxiinale value of 
each division of Y-axis should be at 

least . 0-OOOOH4. 

Take each small division to 
represent O-00CIO20> -which is the 
next beat possiUe value. Take 2-5 
small dlvisiuiis to lepresuil I'C. on 
the .7-axis. 


tempecaturc the volume is changed, So 



Temperature in Ccacigradu 
rig. 3 


Write down the values of the ordinate every S divisions apart taking 0'999800 
su the aero reading, and also tvrile the values of temperatures on the 7-axis. 

Plot the points and draw the graph (P/g. 3). To get the value of the teinperaturei 
corresponding to 0-99990 c.c., draw asiral^^t fine through the point (0-99990) parallel 
to the 7-axli cutting the curve at isvo peunts the absdssa of the first point being 2-41 
and that of the second poinc being 5*8 nearly. 

Therefore the retjuired temperatures are 2*4i“ and 5-8®. Here the unknown 
result is determined by what is known as Interpolation. 

3. Tht laUtry risiilajut 'b' lAms fm a ament V amptte was Jound in a arlain hit 


Illuslrate ihe nsuUs graphieolly. Art tfisy cunsuSoit ailb Ohm’s law ? 

(Pal. 1920) 

Plot ‘4’ along the X-axis and V along the Y-a-w (Fig. 4). 
l/ails . — 1 small division on the 7-axis represents 2 ohms. , ; 

■' 1 small division 'on'thc Y-aiis .'represents 0-005 amp. 



IW^ERMttrtjilfe ' yifTSTCS 


According to Ohm's law th^ product of currc^it ttrmgth and iHr cerrtfMndins 
Stafice should be constant, which if not the case here. Hence the rcsuJu «re 
conjutent with Ohm's law • 
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PHYSICAL TABLES 

(1) UNITS 


Quantity 

F.r.S. Unit 

C.G.S. Unit 

Length 

foot 

ocntinietre 

Mass 

IKniitd 

cram ; 

Force 

pounda] 

dyne 

Work 

foot-ponndal 

«tE 

Pmver 

ho^c-powc 

ergs per stMxiad 


A force equal to the weight of 1 ponnd »= 32'i! poundals. A force equal to the 
weight of I gram *= 981 dynes. 

(2) METRIC EQUIVALENTS 

IXNGTH 

1cm. = 0-3937 inch = 0-032 ft. I ‘inch =2-54 cnis. 

1 metre = 39-S7 inches 

= 3-2S feet 1 foot = 0-3048 metre 

= 1-09 yirds I yard = 0-914 metre 

I knometre = 39370-790 in, = 3280^99 ft. = I093-C33 yd, = 0-C21 mae. 









056 


crrE]i^ix»£%TC pmrsics 


I sq. Inci = fi-45 sq era. 

I sq foot ■» 0 CSS :q. metre 
I yarU — 0 83C (q metre 
1 sq. nule = 2 590 iq kilonelie 


I sq. metr. 
1 sq. metfi 

I sq LiLirr 


= 0155 sq. in. 
= 10 764 to. ft. 

- l-l%5q.ydv 


VOLUME 


1 cu. in - I63a7cc 
I cu. in. s 0061 litre 
I gallon = 4 5-46 htrei 
1 gallon 0 1004 cu. ft. 


.. I lure 

**■ { I luce 

= 10 psunds of water ac 62^7^. 


MASS 

I grain f—' "oee^. - > I 1' 

I ounce ■ ■ : ■ 

1 pound 1 • • ' ■ > I , 

1 pound ' . . , I ^ ' 


FORCE 

1 gram-weight = 981 dynes 
I pound-weight = 8 45* 10* dyne* = 32 2 poundals. 
I poundal I lb -wl.— f = 13,835 dynes 


(3) MENSURATION 


n -314159, )r’-987; 

Radna cifrirde^r, 

-V'2 = 1 4142 ; 

<-=2 7133 


Circum 

V3 - I 

log, 10 


•04972 s log 
ifermee of circle 
I 7321 
= 2 3026. 


I* = 09943 

2rr. 


Square (side /)-=!» 

Rectangle Ibieadih 5) —1x6 
Farallrlogram = bate X perpentUctilar lieiglit 
Triangle = ^ basexaluttulc 
Circle = sr»* 

Surrace i.f cube (side {) = 61* 

Surface of sphere (radius r) -— 4ae* 

Cuc\cd surface i>f cylonler (radius r, bci^t ft) - 


VOLUME 


Cube =* 1* 



PlIrsICU. TABLES 


657 


(4) USEFUL DATA. 

The weight of I cu. ft. of water = 62'5 lbs. (approximately). 

The tveight of 1 cu. ft. of air at 0°C. and at 1 atmosphere = 0 0607 pound. 

The weight of L cu. ft. of hydrogen at 0®C. and at 1 atmosphere ^ 0'0056 pound- 
1 foot-pound = T356xl0’c^s. 

I iiorse-powor-hour = S3,00U X60 fbot-pouiids. 

("J standard atmosphere ■=. 760 tnilUmetres or 30 incites of mercury ; 

.] - 1033 grams.-wt. per sq. cm. ^ (1033 x 981) - 1-013 xIO® dynes per sq. cm. 

(= l4-'7 pounds-wt. per sq. mch.=s2116 pounds-wt. per sq. foot. 

Height of standard water Iwrometcr = 760 X 13-596 mm. =■ 29 92 X 13'596 

A column of water of height 2-3 feet corresponds to a pressure of 1 Ih. per sq. 


(5) CONVERSION TABLE 


To reduce | 

1 

1 Multiply by 

To reduce 

j Multiply by 


2-5* 


62*5 

Sq. In. to iq. cm. 

6-45 

16-39 

Miles per hr. to ft. per min. i 

88 

Grams to grains 

ir.-4 

453-6 

lb. persq. in. toatenospherea 1 

0-07 


28-35 

Grams per sq. cm. to lbs. 






Gallons ol water to lbs. 
Cu. ft. to gallons 

Cu. ft. to ntres 

10 

6-24 

Aunosphetts to lbs. per sq. tn. ^ 

14-7 

28-3 


746 

lbs. of water to litres 

0-454 

H.P. toft-lbs. per min, 

33000 


(6) DENSITY OR MASS PER UNIT VOLUME 

( IN GRAMS PER G.C. ) 

METALS 


Copper 

Gold 

Iron (cast) 

„ (wrought) 


Nicfcel 

Platinum 

Quartz 

Silver 

Im 

Zinc 


2-65 

10-5 

7-3 

7-1 


Vol. 1—42 


ATXO'ra 
8-4— 8-7 Bronze 





C58 


INIERAlFDhlT MITSICS 


Alcohol 

ncnzciio 

Ether 

Glycerine 

Kcrofirne 

Mercury (O'C.) 

Milk 


Oil Unired 


□EKStn OF LI<lun>S 
( CRAMS PER CAL } 

079 Okveoil ... 091—093 

1 02 ParilRn ... 0 70—0 82 

089 Pctfnl ... 0C3— 0 73 

072 Petroleum ... 0 873 

1 26 Spirit (meihylited) 0 83 

00 T.itpeniine ... 0 87 

13S96 W«ler (rC ) (Didinary) 100 

103 ,, (2s*cr.) 0 99700 

CkSt Witertica) „. 1-026 


Chalk 

Gnrk 

Clan (Crown) 
Gian (fiini) 
Outiapcrcha 
Ice 

India<rubher 



13ENS1TV OF fOOMMON SUBSTANCES 
(GRAMS PER G.C.) 


1- 9—2 8 Paraffia 
022—025 Poreelain 

2 4—2 6 Quant 

2- 9—4 6 Salt (riwnmon) 

0 97 Sand 


092 Slate 


0 9—1 3 Sugar 

1- 8 3Veed 

2- 7 Wat (Beet*) 



(7) ELASTICITY 

( VOVNCS MODULUS ] 


Altiminium 


7 N 1 0** dyua/oB * Manganin ... 12 4x10'* dyoes/cm.* 

162X10“ „ Sdrer ... 79xl0tl ,, 

12-3x10** „ Steel ... 20-9Xl0'‘ „ 


Bees’ wax 
White wax 
Butter 
Ice 

Copper 

l-etd 

Mercury 

Napdialene 


(8) MELTING PO^NT 


63*C. Tlo 
60’C. TimKJtea 
58*— 33*G Parafiin 
OV Platinum 


1083’Cl Socar 
I527*C SulfJ''"- 
3S7*<; Wax (Beta') 
—39^ Wax (white) 


80*C 


232”C 

Moerc. 


61‘ 


1773*C. 
160'C. 
1I5°C. 
W &4’C. 

es’c. 


(9> BOILING POINT 

Alcohol 7ire Glycerine 

Aniline ... I82*C. Mercury 

Chlorororra ... 6l*C. Turpentine 

F.ihcr ... S5*C: Water 


2<W'C’. 

3S7’G 


158*C. 


lOCCfi 
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(10) COEFFICIENT OF EXPANSION 
(PER "C.) 


CoelDcicnts 

Alurniniura 
Brass 
Copper 
German silver 
Glass 


it Linear EKpanslon of Solids 
0-000022 Iron 
0-000019 Lead 
0-000017 Platinum ... 

0-000018 Silver 
0-0000083 Tin 


0-0000114 

0-000029 

0-000009 

0-000019 

0-0000214 


CoefBcicnts of Cubical Expansion of Liquids 

Alcohol (ethyl) ... 0-00122 Olive oil ... 

Aniline ... 0-00085 Sulphuric Acid ... 

Glycerine ... 0-00053 Turpentine ... 

Mercury ... 0-00018 Water (10“— 30*) ... 


0-0007 

0-0095 

0-00094 

0-0OD2O3 


Coefficient of Cubical Expansion of Gases 
The eocfiieient of increase of volume of all gases at eonstant pressure and the 
oocMclent of increase of pressure of all gases at constant volume may he taken to 
he ■« = 0-00367 per “C- 


Aluminium 

Bismuth 

Brass 

Charcoal 



Iron 

Glass 

Gold 


(II) SPECIFIC HEAT 
Solids 


0-21 

0-03 

0-09 

0-19 

(H)95 

0-50 

0-48 

o-n 

0-16-0-19 

0-03 


Lead 

Marble 

Nickel 

ParalBn 

Salt (common) 

Sand 

Silver 

Sulphur 

Tin 

Zinc 


0-056 

0-163 

0-05S 

0-033 


Alcohol 

G^yc'erine 
ParaSln oil 
Mercury 


Liquids 

0-62 Mustard oil 
0-50 I^rafKn oil 
0-58 Turpentine 

0-53 Water 
0-033 


Gases 

{ Al lonstant presme') 
Air ... 0-237 Oxygen 

Hydrogen ... 0-41 Steam 


0-217 

0-465 


(12) LATENT HE.AT OF FUSION {CofoWes per pram.) 


Bismuth 

Jee 


12-6 Mercury ... 2-8 

80-0 SiWer — 210 

5-4 Sulphur ... 9'4 



GCO 


IXTEB'^lEUUTE MDSICS 


(15) SATURATION VAPOUR PRP-SSURE OF WATER 
(In Mtlli'mcfrM af M^rcuT^) 


10 

12 


18 

20 

25 

30 


457 

529 

t>54 

801 

920 

lOSI 

«2 7fl 
1546 
17 51 

2569 

31-7I 


50 

CO 

70 

80 

90 

95 

too 

ISO 


200 


{ 

{ 

{ 


9i 30 
M92 
233 5 
3551 
525 8 
C3t3S 
7SOO 


35S9 0 

= 47 atmoJ. 


IIC47 

e= 15 4 atmoi. 


(14) THERMAL 

coT«>DcrrvTnEs (in 

C.G.S. Unils) 

Air 

0 00005 

Iron 

0 IC to 0 18 

AIunuTiium 

0-40 

I^ad 

OOPfl 

Bran . , 

0 26 

5temiry 

0-0148 

Copper 

0 2Z 

SUver 

0410 

GUn 

0-0005 

5Vmct(0-«) 

DC012 

India-rubber 

ocnoi 

{J(rc) 

o-coi 




mrSlCAL TABLES 


001 


(19) VELOaTTES OF SOUND AT O'C. 



Feel per sec. 



Gases 


Air 

1090 

332 


856 

262 


1609 

493 


4163 

: 1270 

Oxigwi 

1041 

j 317 




Water 

4714 

1437 


SoUds j 

1 

T,.... 

1 1I,4B0 

3500 


16,410 

5000 


16,W0 ' 

3130 

Marble 

12,500 

SSIO 



INDEX 


( Numbers refer to paces ] 


Absolute, expansion ol' a liquid, 
348 : scale of temp., 379 ; units, 
5 ; unit of force, 75 ; aero, 379 
Acceleration, 42, 72 ; due to gravity. 


Acoustics, 526 ; physiological, C21 
Adhesion, 181 
Adiabatic changra, 389 
Aero-dynamics, 624 ; -nautics, 624 ; 

-plan^ 58, 63! j Aileron, 643 
Air-conditioning, 497 ; -gun, 298 ; 
-pump, 291 ; -resistance, 626 ; 
-screw, 639 
Alcoholmeter, 252 
Altimeter, 273 
Amplitude, 11!, 530 
Angle of, attack, 632 ; repose, 150 i 
shear, 187 

Angular velocity, 43 
Angstrom, 7 
Aniinode, 574, 575 
Applilon LtvKr, 262 
Arthimtiis, 243 ; -prineiple, 227 
Artesian well, 214 


A-inermanous, 

Atmosphere, hotn^eneotis, 274 ; 

tcmpcracuie d*, Zli 
Atmospheric pressure, 263, 272 ; 

variations in tlie^ 273 
Attraction, gravitational, 95 
Aluicod’s Machine, 103 
Automatic, Flushes, 307 ; brake, 298 


Back-iask error, 23, 160 
Balance, common, 164; false, 170; 
hydiostatk, 227, 247 ; requisites 
of, 167; resting point oi^ 168; 
spring, 172 

Balancing columns, 253 
Galloon and air-ship, 276 
Banking, of tracks, 86 
Barograph, 209 

Barometer, Fortin’s, 267 ; cislern, 
267 ; siphon, 268 ; aneroid, 269; 
faulty, 281 

Barometer reading, 269 : correclioiH 
of, 362 

Baroscope, 230 
Beats, 570 

Bernamlli’s Theorem, 629 
Bicycle pump, 295 
Black's Ice-calorimeter, 413 


BUttijJosep'h, 422 

Boiling Point, 434 ; determination of 
be/ghl by, 456 
Borda Platinum standard, 5 
Bomlm Gauge, 26S 
Bale’s Law, 277 ; explanadon from 
the Kinetic theory, 387 
Bi^, Robert, 265 
BresjuA’s Press, 22 1 
Brmiman Modon, 387 
Bulk Modulus, 189 
Bwssen's Ice-calorimeter, 413 
Buoyaocy, 229 : correction, 230 ; of 
water, 227 ; law of, 229 
Burette, 31 


CALLSttDAn and Moss’s Method, 355 
callipers, simple, 14 ; slide, 21 
Calorie, 395 

GaloriSc v^ue of fuels, 403 
Calorimetry, 394 

Camber, 632 ; cambered surface, 631 
Capillariri, 205 
Ca^iasi diver, 236 
Caoendish, Henry, 123 
Cavendisb's motbra, 93 
CeUii^, 645 
Cslcius, Anders, 318 
Ccnii^ade scale, 318 
Centre, of gravity, 99 ; of mass, 61 j 
of pressure, 633 

Centrifugal, and centripetal forces, 
83 ; driCT, 67 ; pump, 305 
G.G.S. system, 4 ; advantages of, 9 
Chain, Gunter, 12 
Change of state, 426 
Giorbi, Ijiw, 3W 
Chotd, 632 
GBrnbiog, 644 
Qinical ^rmometer, 324 
CUouds, 471 

CoeHident, of expansion of gases, 
370 ; of liquids, 345 ; of real ex- 
pansioa of mercury, 355 ; of solids, 
330 

Coherion, 181 
Common pump, 300 
Comparator metliod, 333 
Comparison of heat and light, 490 
Conqass, beam, 13 
Compensated balance tvheel, 340 ; 
pendulum, 338 

Comprssibility, 183 
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CoTie dfriciion, 14 S 
GonscTvaiiDn of rrtCrg), 132 
CoiuonancCi 586 
Cniivrctioil, 475j 483 
Co-ordinate, reclareu'sf, 37 
Couple, C5 
Crank. 513 
Creana tcparator, 87 
Critical, Prtviiire, +49 , -tempi 
449 

Crytipliome, ira/f/tttuii’j, 43C 


L»w, 446 

nitgi't Safrly I.aniPi 47C 
Day, sidereal, 9 

Dentny, 189, 24.'i , and etjhiral 
expansion, 346 , by floatation. 
238 I ofiee, 238 , of moist are. 469 , 
lelative. 24C 

Dfuartii, Rene, 67 
Dov, 472 , •pointi 46D 


Dta-cbumactout, 486 
DifTuiion, 193. ^6 
DiffWiiviiy, 479 
nihnlral atigle, 643 


Divins Bdl, 307 

Divisibili^, 182 
rinpplrr rffeitl, iSfl 
Diyneu and dampness, 462 
Ductility, 194 

Dulong and /VfifV apparatus 
Dyne, ?5 , and powidai, 75 


Eak,62I 

tarth, mass of, 99 
Ebullition, 43+ . laws of, 449 
Echo, SCO , depth soundins. 662 
EfFiCiency, 520, 521, 640 
EUsbcity. 103 , modulus of, 189 : 
conitants, 189 

Elastic limit, 134 


Ecpnlibrant, SO 

Equilibnum. 40; states of. 101 , 
a flcniing body, 232 
Ers. 127 

Eeroe, t,«srum(rlal or acto. 2' 
backladi. 23 

Ether waiea, 1BG. », S', rleneth . 4 
Evap^watwn, 434 

ExpiUMion. ctvcfiicient of. 3: 
SSS; apparent and real. 311 


Facmnofwfrty, 185 
FahrtnJinl, 318 . scale, 318-19 
Filter pump. 294 
Fire, alarms. 338 ; engines, 302 
Fl3iieeins«f earth. 88 
FlekArr’/ Trolley. 73 
Floatation, stabil.ty of, 232 
Floating riock, 23l> 

Filing of, a kite, 57 ; an aeroplane, 


Football Inflaior, 207 
Fore*. 48; tneasuTeTtKpt «(, 73, 
pump, 301 : units of, 75 
Foreed, and free Mbrations, 566 
Forces. 48 , mmposiliDn of, 48 . 
equilibrium of, 48 , parallel, 64 , 
psnillelogTam lif, 48 . phYsieal 
independence of. 78 polygon 
of. 63 ; Tfsclution of, 55 , tttitisle. 
of. SI 

Fcrroslini; of weather, 270 
FPS system, 4 
Freering Mixtures 432 
Freqiimry. 112.535 
Fnetion. 143, coefTictent of. 147, 
floid, 445; Kiiietwr, 150-51; 
linuting, 147 , laws of, 147 , 
slidins, ISO , static, 144 . Tolling, 




Gas and vapour, 449 

Gauges, external and inlcmal, 15 ; 

limit, 15 ; screw, 23 
Gauss’s Mctliod, 170 
Glass, Quartz, 494 ; vita, 494 
Glaishir’s formula, 467 
Governor, tvaw’s, 88 
Gram, 7 ; the weight of a, 76 
Gramophone, 619 
Gravitation, 92 

Gravitational unit, of force, 76 ; 

of work, 127 
Gravity, 92 ; centre of, 99 
Green House, 493 
Grid-iron Pendulum, 339 
GaerUkt, Otto von, 309 
Gyration, radius of, 64 


Hmi, 471 

Hanging Picture, 52 
Hardness, 195 
Han's aisparatus, 253 
Harmonies, S97 ; of closed pipe, 603 ; 
of open pipe, 606 ; of stretched 
strings, 597 

Hilmholts, 577 ; resonators, 568 
Hoar-frost, 472 
HnoVsLaw, 173, 187 
Henke, Robert, 207 
Hope, Thomas Charles, 364 
Hope's, Expt., 359 
Horse-power, 126 
Hot springs, 214 
Huysens, Christian, 122 
Hydraulic Press, 221 
Hydromeicf, common, 251 ; prin- 
ciple of, 241 ; HichoUm’s, 249 
Hydrophone, 553 

Hydrostatic, balance, 227, 247 ; 
bellows, 224 ; paradox, 218 ; 
pressure, 209 
Hydrostatics, 209 

Hygrometer, chemical. 4S3 ; Daniell’s 
464 ; Hair, 468 ; Regnaull’s 464 ; 
wet and dry bulb, 465 
Hypsometer, 315 
Hjpsomctry, 4S6 


ICE-C 


j, 413 


t, 412 ; Block’s, 413 ; 


Icc-machinc, 

Immersed and Floating bodies, 232 
Impenetrability, 181 
Impulse, 74 
Inertia, law of, 70 ; i 
Inclined Plane method, 107 
Inflator, Football, 297 
Infra-red, 487 


t of, ^ 


Intensity of sound, 579 
Interfcrcace, of sound, 569 
Intermoteeular forces, 179 
Interznolecular space, 179 
Inverse square law, gravitational, 
92 ; for heat, 489 ; for sound, 580 
Ionosphere, 263 
Isotliermal and adiabatic, 388 
Isothermal change, 38B ; curve, 
280, 389 


J, THE VAtuE or, 503 ; the deler- 
minadon of, 503 

Jel/s method, 373 ; -difTercntial 
calorimeter, 377 

Joule, 127, 521 ; experiment of, 503 
Jurin's Law, 207 


ICepLER, Johann, 120 

Kilogram, Internntional Prototype, 

Kinetic, energy, 132 ; theory of, 385 
Kile, the flying of, 57 
KmJi's dusC-tubc expt., 613 


Lactombter, 252 
Cam’s theorem, 52 
Land and sea-breeze, 485 
Lanmait's Condensation Pump, 
304 

te^iloce's correction, 49 
Latent heat, 408 

Lacoisiet and Caplace's Method, 
331 

Law of stress, 79 ; of reaction, 79 
Lawn-roller, 56 

Laws of, Jailing bodies, 1 06 ; gravi- 
tation, 92 ; motion, 70 ; pendulum, 
1 12 ; stretched strings, 597 
Levers, 156-58 
Life-belt, 236 
lift and drag, 634 
lift-pump, 301 
Load-exteasion graph, 184 
Longitudinal waves, 530 
Loudness, 579 


MACimiES, 151 ; efficiency of, 152 
Magdeburg hemisphere, 264 
MalleaUUty, 194 
hlanomctcr, 282 
Maiiometric flame, 607 
Mass and sveighl, 173 
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Wader, 2 ; con«ituiioa of, 178 | 
general propcrucs of, Ifll ; ihice 
aiaiaof, 179 

Maximum density of water, S5S 

Afajir'i Method, 507 

Mechanical, advantage, >51, 152 ; 

equivalent of heat, 503 
Mechanics, 3S 

Melting point, 426 ; of nlloyj, 430 
Mercury iiendiilimi, 940 
NCeU-centre, 233 
Metal. hieJ’j, 430 ; 430 

Mettv^ of oseihation, 'weighing 
by, 168 

Metre, International Prototype, 5 
Metric lystem, 4 j advantage* of, 9 
Metronome, 35 
Micron, € 

Mil. 6 
Millibar, 271 
^{ut, 472 
M K S unit, 9 

Monient, cl a force, 61 : of inertia, 
63 , of massi 61 i pbyticai 

meaning af, 62 i }Mnilive a'sl 

nrRative. 63 < principle of, 
63 

Momentum, , nnular, 61 . Con- 
lervation of, 82 ; unirt of, 72 
Molion, BreitniM, 38? , circular. 
43 , perpetual, 136 , of connected 
tystem, 102 ; with unilorm 
aeeeleratjon, 4 ; icream-lin«, 198 
AfeujC't’i apparatus, 431 
htuiical, tasctumetiu, 6l7 ; interval, 
586 , scale, fes , sound, 579 


NeotHAl eqtiihbnum, 101 
Aiatf/in, &r f;ooc, 122 
A'ewlen’i laws of motion, 70 ; law of 
corilmg, 404 
Nodes, 574, C03 
Noise. 579 

N T.P . meaning 01,381 


tlrgan 


u 112 


Osmosis. 200 
0«j cycle. 517 
Olio roil Cumri'e, 265 
Qvenone, 531 
Ozone la>er,262 


Pamn’s digester, 453 
Parachute, 276 




Paratlclogram, law of, foiccs, 49, 
velocities, 59 
i‘asr< Blaise, 225 
PastBP/Law,219 

Peadulum, lU i conpensated, 338 | 
compoiiiid, III ; conical, 88; 

laws of, 112; seconds, Ml; 
aiQiptr, 111 
Pca-6ller, 299 
Perfect gas. 2fi0, SR8 
perfeedy, elastic body, 181 1 rigid 
body, 161 

Penoiial equation, 545 


Pliai 


112 


V.22 


!. set ; of 


pMclitng, 641 
rtammcier, 29 
flioaelt Ime, 235 
Pacuoiaties, Z6I 
feiim't ratio, 165 
Porosity. 182 
Potentul energy, 1 30 
Pound. Imperial standard, C | 
wi.ofa. 76 
PouadaL 75 

Power, 128 , uoiu of, 128 
Psosuie, Bimeiphene, 203 ; CoelT. 
of a gas, 370 : m a liquid. 209 ; 
norii.al (on the humaa body], 
200 ; ttansnuiuon ofa2l9 
best’s theory wchangei, 490 
Progresnve waves. 532 
Pulley, 153 , Block. 1S5 . single 
fixed. 153; movable, 155, cmrv, 
biiiaticxi of. 154 
PtUmgiT'i apparatus, 332 
Pum|H, air, 291 ; centrifugal, 305; 
compression, 233^. CondeusaUii 


iMary, 303 ; 


lift, 301 ; 


Quautt ofa note, 581 

RACx and piniori. 164 
Radiant licit and light, 4 
Radiation, 475 ; intexuii 
Raia.47J .gauge. 473 
V&etoncr, 3 18 , scale, 319 
Reed pipe, 6 1 8 
Renection of sound, 558 


.ji, 4.36 
It, 437 


Refng. 

Refnge.- 

RrgelMien. 430 

Itipmit. Henry Vis.v, , ... 

RtfftaaU't Mrthcxl, 3o3, 371, 
table, 412 





Relative, density, 246 j huiaidhy, 
461 ; velocity, 60 
Resistance, eddy, 629 ; skin, 629 
Resolution of forces, 33 ; of vdod- 
ties, 60 

Resolved, part, 54 

Resonance, 566 j of air column, 567 
Resting point, 168 
Retardation, 43 
Rigidity, 194 ; modulus, 191 
Rolling, 641 

metal, 430 
Rudder, 643 
Ruperts drops, 195 


Stress 184 

Strings, wbration of. 591 
Strobo^pic wheel, 614 
Sublimation, 427 
Subi^rine, 237 
Sunnlial, 33 
Supercooling, 426 
Superficial expansion, 334 
Surface tension, 202 
Supeefusion, 426 
Surfusion, 426 
Syrnpacfietic vibration, 559 
Syringe, 299 
Smtnming, 236 


Sachahoheter, 252 
Sailing of a Doat, 56 
Sand glass, 33 
Saturated vapour, 441 
Savarl’s toothed wheel, 582 
Scale, diannal, 16 

Screvr, 159 ; 'gauge, 23 ; 'jack, 161 ; 

miciomctcr, 22 ; pitch, of, 22 
iSVsrle'r Method, 193, 489. 505 
Second, mean solar, 6 
Shear, 187 
Side Slip, 645 
Sidereal day, 9 
Simple harmonic modon, 113 
Siphon, 305 ; intermittent, 307 
Siren, Cagnalrd it la Teal's 583 ; 

Stfiick^t, 582 
Six's thermometer, 325 
Sleet, 471 
Slide CalUpors, 21 
Snow, 471 

Soda water machine, 297 

Sonometer, 594, 595 

Sound, ranging, 554 ; articulate, 561 ; 

box, 568 
Span, 632 

SpcciSc, gravity, 245 ; gravity bottle, 
249 ; heat, S9S ; of gases, 406 
Speed, 40 ; air, 627 ; governor, 88 ; 
ground, 627 


r, 24 
:1, 213 


Spher. 

Spirit 

Stable equilibrium, 

Stability, 641 ; of floatation, 232 

Stalling, 636 

Standards, 3 

States of matter, 179 

Stationarv waves, 574 ; in strings, S 

Steelyard, Roman, 171 

Stop, clock. 35 J watch, 34 

Stove oil, 298 


Streamlines, 626 


Takb off and landing, 644 
Tantalus Cup, 307 
Tape, 13 

Temperature, 313, 314; absolute 
scale of, 379 ; correction, 255 ; 
scales of, 319 ; stresses, 350 
Tenacity, 194 
Theorem, Lami's, 52 
Thermal edacity, 308 
Thermometers, clinical, 324 ; difT- 
crent forms of, 322 ; maximum 
anti minimum, 323 ; Rul/isrfiri's 
323 ; Ta’s, 325 
TiickmoS'FLasx, 494 
Three slates of matter, 379 
TonkilU, Evangelista, 284 
TmkiUitn vacuum, 266 
Torsion, 168 
Trade \wnds, 465 
TcansmissioR of heat, 475 
Transverse vibradon, 591 ; of tvaves, 
S33 ; reflection, of sound traves, 
in, 591 

Triangle of forces, 51 
Trim, 644 
Troposphere, 262 
Tube weli, 20 ; pumps, 300 
Tuning, 596 ; fork, 526 


UlTIMA-re STRESS, 185 

Units, 3 ; derived, 4 ; fundamental, 
4 ; of force. 75 j of mass, 7 ; of 
heat, 395 

Unstable equilibrium, 101 


Vapour Pressure, 439 
Vector and scalar quantities, 66 
Vdocity, angular, 43 ; uniform, 41 ; 
average, 41 ; of sound, unils of, 
42 J ratio, 151 ; relative, 60 ; 
R-MS., 3B5 : triangle of, 60 



INTFIt.MI'DIlTE PfIlSICS 


Watcb, anomalous espaniion of, 
358, hoarl iif, 213 j vobcity of 
sound in, bbl 
Water etiuiNalriU, 300 
Water supply, city, 213 
U-a!(, l»m«, 322 
Ilatj'r Governor. 08 
Wave, S31 , Ieog*h. 536 . molioB, 

531 ; ltiin». 537 ; projmsire, 

532 , stationary, 574 

Waaiber, glass, 263 , forecasltngr 
of, 270 

Wrdge, Vri3 


Wcijl.t. 7C, 173 ; true, 230 
Weight thermameter, 34$ 

Welding, 4S2 

^Vheel and axle, 158 

Wind, initrument, 617 i Itinnel, 626 

Windlass. 150 

n-'afd'/innal, 430 

Work. 126, units of, 127; and 
pMer, 123 


Vaah, [mperial Standard, 6 
Yawing, C»2 
Yiddpwnt, 185 


Zend, absolute, 379 



